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Many existing quantum supervised learning (SL) schemes consider data given a priori in a classical
description. With only noisy intermediate-scale quantum (NISQ) devices available in the near future,
their quantum speedup awaits the development of quantum random access memories (qRAMs) and
fault-tolerant quantum computing. There, however, also exist a multitude of SL tasks whose data
are acquired by sensors, e.g., pattern classification based on data produced by imaging sensors.
Solving such SL tasks naturally requires an integrated approach harnessing tools from both quantum
sensing and quantum computing. We introduce supervised learning assisted by an entangled sensor
network (SLAEN) as a means to carry out SL tasks at the physical layer. The entanglement shared
by the sensors in SLAEN boosts the performance of extracting global features of the object under
investigation. We leverage SLAEN to construct an entanglement-assisted support-vector machine
for data classification and entanglement-assisted principal component analyzer for data compression.
In both schemes, variational circuits are employed to seek the optimum entangled probe states and
measurement settings to maximize the entanglement-enabled enhancement. We observe that SLAEN
enjoys an appreciable entanglement-enabled performance gain, even in the presence of loss, over
conventional strategies in which classical data are acquired by separable sensors and subsequently
processed by classical SL algorithms. SLAEN is realizable with available technology, opening a
viable route toward building NISQ devices that offer unmatched performance beyond what the
optimum classical device is able to afford.
Keywords: Quantum Physics, Quantum Information, Optics.
I. INTRODUCTION
While error-corrected scalable quantum computation
is not yet available, recent advances towards small-scale
quantum computers [1, 2] have spurred interests in seek-
ing noisy intermediate-scale quantum (NISQ) [3] devices
that offer unmatched performance beyond the capabil-
ity of classical devices. The theoretical proof of a quan-
tum advantage over classical computation [4, 5] further
inspires the search for quantum-assisted schemes tai-
lored for practical tasks. In this regard, quantum vari-
ational schemes, in conjunction with classical optimiza-
tion, are widely applicable to tasks including quantum
state preparation [6], variational eigensolvers [7, 8], state
diagonalization [9], and machine learning [10–20].
Various quantum machine-learning algorithms rest
upon input data given a priori in a classical description,
e.g., data from statistics of online users’ activities, so-
cial networks, and financial transactions. To carry out
quantum machine learning, classical data are quantum
encoded, stored in quantum random access memories
(qRAMs), and processed by quantum circuits. These
quantum machine-learning algorithms aim to efficiently
solve certain tasks that are intractable by the optimum
classical algorithm, but achieving such a quantum ad-
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vantage is held back by outstanding challenges associates
with, e.g., preserving quantum coherence, efficient con-
struction of qRAMs [21], and a lack of understanding
for what noisy quantum circuits would be able to of-
fer. There are, however, also many situations in which
the input data are acquired through quantum measure-
ments. Such a scenario creates opportunities to harness
tools grown out of quantum sensing to assist machine-
learning tasks and achieve a performance gain over con-
ventional approaches based on classical machine-learning
algorithms supplied with massive sensor-produced data.
In this paper, we introduce supervised learning assisted
by an entangled sensor network (SLAEN), a paradigm
to assist supervised learning (SL) tasks at the physical
layer through the sensing process that acquires data. As
Sec. II elucidates, while the current form of SLAEN is
unable to assist SL tasks based on classical data given
a priori, it can indeed yield an advantage over classical
SL schemes that rely on data acquired by separable sen-
sors. The SLAEN architecture consists of quantum cir-
cuits and an entangled sensor network. Utilizing a varia-
tional approach, the quantum circuits optimize the mul-
tipartite entangled probe state shared in the sensor net-
work and seek the optimum measurement setting to cap-
ture global features of interest. The SLAEN architecture
can be employed in two major tasks, a support-vector
machine (SVM) for data classification and a principal
component analyzer (PCA) for data compression. Be-
cause SLAEN carries out SL tasks directly at the physical
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2layer through quantum measurements, its entanglement-
enabled enhancement over classical SL schemes without
entanglement can be quantified using tools from quan-
tum measurement theory. Specifically, in classification
tasks undertaken by M entangled sensor nodes, the er-
ror probability of SLAEN ∝ PM can be exponentially
lower than the error probability P of the optimum classi-
cal strategy, owing to the entanglement-enabled Heisen-
berg scaling in measurement sensitivity [22–24]. For gen-
eral classification tasks on random data, we give numeri-
cal evidences for a substantial performance improvement.
SLAEN can be readily implemented by off-the-shelf com-
ponents such as single-mode squeezers, linear optical cir-
cuits, and homodyne measurements to carry out SL tasks
pertaining to non-demolition detection [25], thermome-
try [26], radial-frequency (RF) sensing [27], biomolecule
sensing [28], and phase estimation [29, 30].
II. PROBLEM DESCRIPTION
Many existing SL tasks rely on classical data avail-
able a priori. Examples of such tasks include classifi-
cation on data collected from surveys, recommendation
systems based on online user statistics, and market pre-
dictions made from historical financial data. To achieve a
quantum speedup for such problems, a typical approach
is loading classical data into qRAMs followed by quan-
tum processing [12, 13, 15, 16, 18–20]. With only NISQ
devices available in the near future, however, a quan-
tum speedup for such SL tasks is held back by the im-
mense technical challenges in building qRAMs and fault-
tolerant quantum computing.
There are, however, an abundance of SL tasks in which
classical data are not available until they are acquired
by sensors. For example, biosensors probe an unknown
specimen to generate data that are post-processed for
molecular identification [28]; an array of charge-coupled-
device sensors captures an image of an object to per-
form classification; fiber optic gyroscopes produce rota-
tional data for navigation; radiofrequency sensors mea-
sure instantaneous frequencies for signal analysis [31];
and magnetometers sense magnetic fields to investigate
the brain [32]. From a quantum-information perspective,
a general schematic for a SL task involving sensing to ac-
quire data is illustrated in Fig. 1. Probe quantum states
are first initialized and then altered by an array of sensors
that probe an object of interest. The classical data about
the object are carried by the output quantum states of
the sensor array. Next, quantum measurements are taken
to retrieve the classical data, and, finally, classical pro-
cessing on the classical data completes the SL task. Two
important questions arise in such a configuration. First,
can entanglement shared by the probe quantum states as-
sist a SL task and improve its performance? Second, can
a SL task be carried out at a physical layer via choosing
proper probe quantum states and measurement settings
so that the resource overhead on classical processing is
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Figure 1. Schematic of supervised learning based on data
generated from sensors. The output quantum states carry
classical data about the object under investigation.
reduced? SLAEN answers yes to both questions.
In the following Sections, we will show that while
SLAEN, in its present form, does not benefit SL tasks
based on classical data given a priori, it is indeed a use-
ful technique in the NISQ era to assist SL tasks involving
sensing through optimizing the entangled probe states
and joint measurements. Before going into details of
SLAEN, here we point out an important departure of
SLAEN’s utility from previous works. In various quan-
tum machine learning works mentioned above, either the
data is classically given and one utilizes quantum en-
hancement to perform the learning; or the problem is
entirely quantum in the sense that the initial data are
unknown quantum states. In our scenario, the data are
unknown classical information, and a sensor transforms
the classical unknown data into quantum states for fur-
ther processing. Such a scenario, albeit ubiquitous for
sensing applications, has not been explored in quantum
machine learning.
III. THE ARCHITECTURE
From a quantum-sensing perspective [22–24], data
acquisition is modeled as parameter estimation of a
channel, i.e., a completely-positive and trace-preserving
(CPTP) linear map [33], using a probe state followed
by quantum measurements. For instance, in the target-
detection example illustrated in Fig. 2, interrogating the
presence or absence of the target is through using a probe
state to estimate the transmissivity of a lossy and noisy
bosonic channel [34]. Such a generalized data-acquisition
picture is applicable to wide range of sensing applications
such as fluorescence imaging [35, 36], optical reading [37],
phase sensing [29, 30, 38], magnetic measurements [39],
and fiber optic gyroscopes [40].
Classical SL schemes without entanglement.—The
amount of available information, carried on the probe
state, about the object under investigation is ultimately
limited by the quantum Cramér-Rao bound [41–43] aris-
ing from measurement uncertainties. Thus, the probe
state set a fundamental performance limit for its associ-
3ated SL task. As illustrated in Fig. 2(a), a conventional
classical SL scheme, like what is standard with imaging
sensors, uses separable probe states and make separable
local measurements on the output states to obtain clas-
sical data that describe the object under investigation.
The classical data are then fed into a classical SL algo-
rithm, trained by known data, to extract features of the
interrogated object. Since most SL tasks only aim to in-
vestigate global features of an object, obtaining a full
description through separable local measurements and
passing all the classical data to a classical SL algorithm is
not only redundant but also places a substantial resource
overhead.
SLAEN.— To overcome this overhead, SLAEN car-
ries out SL tasks at a physical layer through the data-
acquiring sensing process, without resorting to a classi-
cal SL algorithm that copes with massive classical data.
At the core of the SLAEN architecture is a network of
entangled sensors optimized by variational circuits, as
illustrated by a target-detection example in Fig. 2(b).
SLAEN’s performance enhancement over the classical SL
scheme described in Fig. 2(a) is two-fold: (i) the entan-
glement shared by different sensors reduces errors and
boosts the sensitivity of extracting global information
of the object under investigation, thereby leading to an
entanglement enhancement in SL tasks, such as SVM
and PCA, over the compared classical SL schemes; and
(ii) direct extraction of global features by joint measure-
ments optimized by the variational circuit obviates the
overhead arising from obtaining redundant local infor-
mation about the object; SLAEN’s capability of carry-
ing out entanglement-assisted SL tasks at a physical layer
makes it significantly different from existing quantum SL
schemes that take classical data as their inputs.
Prior studies [38, 44, 45] on entangled sensor networks
show that for the problem of estimating a global param-
eter of the network, e.g., a weighted sum of phase shifts
measured by different sensors, shared entanglement leads
to a measurement-sensitivity scaling advantage, i.e., ap-
proaching the Heisenberg limit [22, 23, 46–49] with re-
spect to the number of sensors, over the optimum sep-
arable sensor network. In particular, Ref. [38] presents
entangled sensor networks based on continuous variables
(CVs) and proved that the root-mean-square (rms) error
for estimating a weighted sum of displacements at differ-
ent sensor nodes is a factor of ∼ 1/√M smaller than a
product-state sensor network, where M is the number of
sensor nodes. In addition, Appendix A shows that the
measurement-sensitivity advantage in parameter estima-
tion translates to an exponential error-probability advan-
tage in channel discrimination.
Entangled sensor networks’ advantage in channel dis-
crimination makes them well suited for SL tasks. To
fully unleash the power of the entangled sensor network
for different SL tasks, one needs to tailor the entangled
probe state shared between the sensors and optimize the
measurement setting. For a complex SL task, however,
deriving the optimum entangled probe state and mea-
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Figure 2. A classical SL scheme versus SLAEN in a data
classification task for target detection. (a) In a classical SL
scheme without entanglement, the separable sensor network
is connected with a classical SL algorithm. Separable probe
states and local measurements are employed to investigate
an unknown object. The classical data acquired by measure-
ments are fed into a classical SL algorithm to make a decision.
(b) In SLAEN, the sensors, represented by the probe icons,
share a multipartite entangled probe state. Each sensor sends
its share of the entangled probe state to investigate an un-
known object. The sensing process is modeled as parameter
estimation of quantum channels. Each sensor views the object
from a different perspective, and their shared entangled probe
state boosts the performance of estimating global parameters
of the object. Prior to interrogating an unknown object, ex-
isting data are used to train the first variational circuit (left
blue box) to generate the optimum entangled probe state and
the second variational circuit (right blue box) to perform the
optimum measurement.
surement configuration becomes a formidable problem.
Take the target-detection problem depicted in Fig. 2 as
an example. The target object is embedded in a highly
dynamic environment so our goal is to optimize the en-
tangled probe state shared by the sensor nodes and de-
sign a measurement strategy to minimize the error prob-
ability of interrogating the presence or absence of the
target. In the SLAEN architecture, an optical circuit,
trained by a variational approach, generates the entan-
gled probe state. Likewise, a second variational optical
circuit processes the output entangled probe state to per-
form a joint measurement that captures the object fea-
ture of interest. In doing so, SL tasks are carried out
during the data-acquiring sensing process at a physical
layer, thereby eliminating the need for precise knowledge
about local features. The training data and the varia-
4tional approach ensure that the entanglement enhance-
ment over the compared classical SL schemes is reaped
for a variety of SL tasks. Moreover, since CV entan-
gled sensor networks enjoy loss tolerance, deterministic
entanglement preparation, and efficient broadband mea-
surements [38], the performance enhancement of SLAEN
over the classical SL schemes is achievable with available
technology.
IV. ENTANGLEMENT-ASSISTED
PHYSICAL-LAYER SUPPORT-VECTOR
MACHINE
To demonstrate the power of SLAEN, we utilize it
to construct an entanglement-assisted SVM for physical-
layer data classification, shown in Fig. 3 (b), and make
a comparison with the classical SVM scheme, shown in
Fig. 3 (a). In both regimes, the interrogation of an ob-
ject is modeled by channel Φ(n) that imparts M unitary
operations, Uˆ(α(n)1 ) to Uˆ(α
(n)
M ), on the probe state repre-
sented byM annihilation operators aˆ1 to aˆM . At present,
we assume the channels are lossless, but will later add
in pure loss channels with transmissivity η to account
for experimental imperfections. Here, we consider dis-
placement unitaries Uˆ
(
α
(n)
m
)
≡ exp
(
−iα(n)m pˆ
)
, with the
understanding that phase shift can be transformed into
field displacement by a Mach-Zehnder interferometer (see
Appendix C for details), which thereby greatly broadens
the scope that SLAEN applies to.
In the above scenario, each channel instance
is described by a set of displacements, α(n) =(
α
(n)
1 , · · · , α(n)M
)
. The data acquisition process aims to
estimate global features of the object embedded in the
channel parameter α(n), while the exact value of α(n) is
unknown to the SL tasks. To this end, the classical SVM
scheme obtains an classical estimate α˜(n) for all com-
ponents of α(n) through local measurements and solves
the problem by a classical SVM algorithm [50] supplied
with the acquired classical data. In this classical SVM,
a hyperplane described by w ∈ RM , b ∈ R is chosen, and
yˆ(n) = sign
(
w · α˜(n) + b
)
(1)
is used to generate a class label. Here, sign (·) is the sign
function, and the hyperplane is optimized by the classical
SVM using training data. A close look at the classical
SVM scheme makes one notice that Eq. 1 only relies on
a global quantity w ·α(n) of the channel, thus measuring
each component of α(n) and generating a large amount
of classical data is redundant and resource inefficient. To
resolve this issue, the SLAEN architecture is adopted to
perform data classification at a physical layer.
Our goal is to optimize the entangled probe state and
the measurement setting to minimize the error proba-
bility in producing a class label for the object. To this
end, we introduce a variational circuit, implemented by
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<latexit sha1_base64="6IkWDOZ 7l+wSsEj6/0WXmpv3/IU=">AAAB+XicbZDLSgMxFIYz9VbrbdSlm2ARuio zIuiy4MaNUMFeoDMOmTRtQ5PMkJwplKFv4saFIm59E3e+jWk7C239IfDx n3M4J3+cCm7A876d0sbm1vZOebeyt39weOQen7RNkmnKWjQRie7GxDDBFW sBB8G6qWZExoJ14vHtvN6ZMG14oh5hmrJQkqHiA04JWCty3WBEII9n0f1 TkGouWeRWvbq3EF4Hv4AqKtSM3K+gn9BMMgVUEGN6vpdCmBMNnAo2qwSZ YSmhYzJkPYuKSGbCfHH5DF9Yp48HibZPAV64vydyIo2Zyth2SgIjs1qbm/ /VehkMbsKcqzQDpuhy0SATGBI8jwH3uWYUxNQCoZrbWzEdEU0o2LAqNgR /9cvr0L6s+5YfrqqNWhFHGZ2hc1RDPrpGDXSHmqiFKJqgZ/SK3pzceXHen Y9la8kpZk7RHzmfP8Zyk6c=</latexit><latexit sha1_base64="6IkWDOZ 7l+wSsEj6/0WXmpv3/IU=">AAAB+XicbZDLSgMxFIYz9VbrbdSlm2ARuio zIuiy4MaNUMFeoDMOmTRtQ5PMkJwplKFv4saFIm59E3e+jWk7C239IfDx n3M4J3+cCm7A876d0sbm1vZOebeyt39weOQen7RNkmnKWjQRie7GxDDBFW sBB8G6qWZExoJ14vHtvN6ZMG14oh5hmrJQkqHiA04JWCty3WBEII9n0f1 TkGouWeRWvbq3EF4Hv4AqKtSM3K+gn9BMMgVUEGN6vpdCmBMNnAo2qwSZ YSmhYzJkPYuKSGbCfHH5DF9Yp48HibZPAV64vydyIo2Zyth2SgIjs1qbm/ /VehkMbsKcqzQDpuhy0SATGBI8jwH3uWYUxNQCoZrbWzEdEU0o2LAqNgR /9cvr0L6s+5YfrqqNWhFHGZ2hc1RDPrpGDXSHmqiFKJqgZ/SK3pzceXHen Y9la8kpZk7RHzmfP8Zyk6c=</latexit><latexit sha1_base64="6IkWDOZ 7l+wSsEj6/0WXmpv3/IU=">AAAB+XicbZDLSgMxFIYz9VbrbdSlm2ARuio zIuiy4MaNUMFeoDMOmTRtQ5PMkJwplKFv4saFIm59E3e+jWk7C239IfDx n3M4J3+cCm7A876d0sbm1vZOebeyt39weOQen7RNkmnKWjQRie7GxDDBFW sBB8G6qWZExoJ14vHtvN6ZMG14oh5hmrJQkqHiA04JWCty3WBEII9n0f1 TkGouWeRWvbq3EF4Hv4AqKtSM3K+gn9BMMgVUEGN6vpdCmBMNnAo2qwSZ YSmhYzJkPYuKSGbCfHH5DF9Yp48HibZPAV64vydyIo2Zyth2SgIjs1qbm/ /VehkMbsKcqzQDpuhy0SATGBI8jwH3uWYUxNQCoZrbWzEdEU0o2LAqNgR /9cvr0L6s+5YfrqqNWhFHGZ2hc1RDPrpGDXSHmqiFKJqgZ/SK3pzceXHen Y9la8kpZk7RHzmfP8Zyk6c=</latexit><latexit sha1_base64="6IkWDOZ 7l+wSsEj6/0WXmpv3/IU=">AAAB+XicbZDLSgMxFIYz9VbrbdSlm2ARuio zIuiy4MaNUMFeoDMOmTRtQ5PMkJwplKFv4saFIm59E3e+jWk7C239IfDx n3M4J3+cCm7A876d0sbm1vZOebeyt39weOQen7RNkmnKWjQRie7GxDDBFW sBB8G6qWZExoJ14vHtvN6ZMG14oh5hmrJQkqHiA04JWCty3WBEII9n0f1 TkGouWeRWvbq3EF4Hv4AqKtSM3K+gn9BMMgVUEGN6vpdCmBMNnAo2qwSZ YSmhYzJkPYuKSGbCfHH5DF9Yp48HibZPAV64vydyIo2Zyth2SgIjs1qbm/ /VehkMbsKcqzQDpuhy0SATGBI8jwH3uWYUxNQCoZrbWzEdEU0o2LAqNgR /9cvr0L6s+5YfrqqNWhFHGZ2hc1RDPrpGDXSHmqiFKJqgZ/SK3pzceXHen Y9la8kpZk7RHzmfP8Zyk6c=</latexit>
Uˆ(↵
(n)
M )
<latexit sha1_base64="U6tOq2J8x7fO4eezqlMYC4Kka4A =">AAACAHicbZDNSsNAFIUn/tb6F3Xhwk2wCO2mJCLosuDGjVDBtIUmhpvppB06mYSZiVBCNr6KGxeKuPUx3Pk2TtsstPXAwMe 593LnnjBlVCrb/jZWVtfWNzYrW9Xtnd29ffPgsCOTTGDi4oQloheCJIxy4iqqGOmlgkAcMtINx9fTeveRCEkTfq8mKfFjGHIaU QxKW4F57I1A5W5R94ClIwhuH/I6bxSNwKzZTXsmaxmcEmqoVDswv7xBgrOYcIUZSNl37FT5OQhFMSNF1cskSQGPYUj6GjnERPr 57IDCOtPOwIoSoR9X1sz9PZFDLOUkDnVnDGokF2tT879aP1PRlZ9TnmaKcDxfFGXMUok1TcMaUEGwYhMNgAXVf7XwCARgpTOr6 hCcxZOXoXPedDTfXdRadhlHBZ2gU1RHDrpELXSD2shFGBXoGb2iN+PJeDHejY9564pRzhyhPzI+fwDbJJXZ</latexit><latexit sha1_base64="U6tOq2J8x7fO4eezqlMYC4Kka4A =">AAACAHicbZDNSsNAFIUn/tb6F3Xhwk2wCO2mJCLosuDGjVDBtIUmhpvppB06mYSZiVBCNr6KGxeKuPUx3Pk2TtsstPXAwMe 593LnnjBlVCrb/jZWVtfWNzYrW9Xtnd29ffPgsCOTTGDi4oQloheCJIxy4iqqGOmlgkAcMtINx9fTeveRCEkTfq8mKfFjGHIaU QxKW4F57I1A5W5R94ClIwhuH/I6bxSNwKzZTXsmaxmcEmqoVDswv7xBgrOYcIUZSNl37FT5OQhFMSNF1cskSQGPYUj6GjnERPr 57IDCOtPOwIoSoR9X1sz9PZFDLOUkDnVnDGokF2tT879aP1PRlZ9TnmaKcDxfFGXMUok1TcMaUEGwYhMNgAXVf7XwCARgpTOr6 hCcxZOXoXPedDTfXdRadhlHBZ2gU1RHDrpELXSD2shFGBXoGb2iN+PJeDHejY9564pRzhyhPzI+fwDbJJXZ</latexit><latexit sha1_base64="U6tOq2J8x7fO4eezqlMYC4Kka4A =">AAACAHicbZDNSsNAFIUn/tb6F3Xhwk2wCO2mJCLosuDGjVDBtIUmhpvppB06mYSZiVBCNr6KGxeKuPUx3Pk2TtsstPXAwMe 593LnnjBlVCrb/jZWVtfWNzYrW9Xtnd29ffPgsCOTTGDi4oQloheCJIxy4iqqGOmlgkAcMtINx9fTeveRCEkTfq8mKfFjGHIaU QxKW4F57I1A5W5R94ClIwhuH/I6bxSNwKzZTXsmaxmcEmqoVDswv7xBgrOYcIUZSNl37FT5OQhFMSNF1cskSQGPYUj6GjnERPr 57IDCOtPOwIoSoR9X1sz9PZFDLOUkDnVnDGokF2tT879aP1PRlZ9TnmaKcDxfFGXMUok1TcMaUEGwYhMNgAXVf7XwCARgpTOr6 hCcxZOXoXPedDTfXdRadhlHBZ2gU1RHDrpELXSD2shFGBXoGb2iN+PJeDHejY9564pRzhyhPzI+fwDbJJXZ</latexit><latexit sha1_base64="U6tOq2J8x7fO4eezqlMYC4Kka4A =">AAACAHicbZDNSsNAFIUn/tb6F3Xhwk2wCO2mJCLosuDGjVDBtIUmhpvppB06mYSZiVBCNr6KGxeKuPUx3Pk2TtsstPXAwMe 593LnnjBlVCrb/jZWVtfWNzYrW9Xtnd29ffPgsCOTTGDi4oQloheCJIxy4iqqGOmlgkAcMtINx9fTeveRCEkTfq8mKfFjGHIaU QxKW4F57I1A5W5R94ClIwhuH/I6bxSNwKzZTXsmaxmcEmqoVDswv7xBgrOYcIUZSNl37FT5OQhFMSNF1cskSQGPYUj6GjnERPr 57IDCOtPOwIoSoR9X1sz9PZFDLOUkDnVnDGokF2tT879aP1PRlZ9TnmaKcDxfFGXMUok1TcMaUEGwYhMNgAXVf7XwCARgpTOr6 hCcxZOXoXPedDTfXdRadhlHBZ2gU1RHDrpELXSD2shFGBXoGb2iN+PJeDHejY9564pRzhyhPzI+fwDbJJXZ</latexit>
Uˆ(↵(n)m )
<latexit sha1_base64="0nxLktak2bc+isOvP4JzciZK yMA=">AAACAHicbZDNSsNAFIUn9a/Wv6gLF26CRWg3JRFBlwU3LiuYttDEcDOdtEMnkzAzEUrIxldx40IRtz6GO9/GaZ uFth4Y+Dj3Xu7cE6aMSmXb30ZlbX1jc6u6XdvZ3ds/MA+PujLJBCYuTlgi+iFIwignrqKKkX4qCMQhI71wcjOr9x6JkD Th92qaEj+GEacRxaC0FZgn3hhU7hYND1g6hiB+yBu8WTQDs2637LmsVXBKqKNSncD88oYJzmLCFWYg5cCxU+XnIBTFjB Q1L5MkBTyBERlo5BAT6efzAwrrXDtDK0qEflxZc/f3RA6xlNM41J0xqLFcrs3M/2qDTEXXfk55minC8WJRlDFLJdYsDW tIBcGKTTUAFlT/1cJjEICVzqymQ3CWT16F7kXL0Xx3WW/bZRxVdIrOUAM56Aq10S3qIBdhVKBn9IrejCfjxXg3PhatFa OcOUZ/ZHz+AAyTlfk=</latexit><latexit sha1_base64="0nxLktak2bc+isOvP4JzciZK yMA=">AAACAHicbZDNSsNAFIUn9a/Wv6gLF26CRWg3JRFBlwU3LiuYttDEcDOdtEMnkzAzEUrIxldx40IRtz6GO9/GaZ uFth4Y+Dj3Xu7cE6aMSmXb30ZlbX1jc6u6XdvZ3ds/MA+PujLJBCYuTlgi+iFIwignrqKKkX4qCMQhI71wcjOr9x6JkD Th92qaEj+GEacRxaC0FZgn3hhU7hYND1g6hiB+yBu8WTQDs2637LmsVXBKqKNSncD88oYJzmLCFWYg5cCxU+XnIBTFjB Q1L5MkBTyBERlo5BAT6efzAwrrXDtDK0qEflxZc/f3RA6xlNM41J0xqLFcrs3M/2qDTEXXfk55minC8WJRlDFLJdYsDW tIBcGKTTUAFlT/1cJjEICVzqymQ3CWT16F7kXL0Xx3WW/bZRxVdIrOUAM56Aq10S3qIBdhVKBn9IrejCfjxXg3PhatFa OcOUZ/ZHz+AAyTlfk=</latexit><latexit sha1_base64="0nxLktak2bc+isOvP4JzciZK yMA=">AAACAHicbZDNSsNAFIUn9a/Wv6gLF26CRWg3JRFBlwU3LiuYttDEcDOdtEMnkzAzEUrIxldx40IRtz6GO9/GaZ uFth4Y+Dj3Xu7cE6aMSmXb30ZlbX1jc6u6XdvZ3ds/MA+PujLJBCYuTlgi+iFIwignrqKKkX4qCMQhI71wcjOr9x6JkD Th92qaEj+GEacRxaC0FZgn3hhU7hYND1g6hiB+yBu8WTQDs2637LmsVXBKqKNSncD88oYJzmLCFWYg5cCxU+XnIBTFjB Q1L5MkBTyBERlo5BAT6efzAwrrXDtDK0qEflxZc/f3RA6xlNM41J0xqLFcrs3M/2qDTEXXfk55minC8WJRlDFLJdYsDW tIBcGKTTUAFlT/1cJjEICVzqymQ3CWT16F7kXL0Xx3WW/bZRxVdIrOUAM56Aq10S3qIBdhVKBn9IrejCfjxXg3PhatFa OcOUZ/ZHz+AAyTlfk=</latexit><latexit sha1_base64="0nxLktak2bc+isOvP4JzciZK yMA=">AAACAHicbZDNSsNAFIUn9a/Wv6gLF26CRWg3JRFBlwU3LiuYttDEcDOdtEMnkzAzEUrIxldx40IRtz6GO9/GaZ uFth4Y+Dj3Xu7cE6aMSmXb30ZlbX1jc6u6XdvZ3ds/MA+PujLJBCYuTlgi+iFIwignrqKKkX4qCMQhI71wcjOr9x6JkD Th92qaEj+GEacRxaC0FZgn3hhU7hYND1g6hiB+yBu8WTQDs2637LmsVXBKqKNSncD88oYJzmLCFWYg5cCxU+XnIBTFjB Q1L5MkBTyBERlo5BAT6efzAwrrXDtDK0qEflxZc/f3RA6xlNM41J0xqLFcrs3M/2qDTEXXfk55minC8WJRlDFLJdYsDW tIBcGKTTUAFlT/1cJjEICVzqymQ3CWT16F7kXL0Xx3WW/bZRxVdIrOUAM56Aq10S3qIBdhVKBn9IrejCfjxXg3PhatFa OcOUZ/ZHz+AAyTlfk=</latexit>
Uˆ(↵
(n)
1 )<latexit sha1_base64="IDYfDgNSZLmChGHR5pyjICODzxU= ">AAACAHicbZDNSsNAFIUn9a/Wv6gLF26CRWg3JRFBlwU3LiuYttDEcDOdtEMnkzAzEUrIxldx40IRtz6GO9/GaZuFth4Y+Dj3X u7cE6aMSmXb30ZlbX1jc6u6XdvZ3ds/MA+PujLJBCYuTlgi+iFIwignrqKKkX4qCMQhI71wcjOr9x6JkDTh92qaEj+GEacRxaC0F Zgn3hhU7hYND1g6hsB5yBu8WTQDs2637LmsVXBKqKNSncD88oYJzmLCFWYg5cCxU+XnIBTFjBQ1L5MkBTyBERlo5BAT6efzAwrr XDtDK0qEflxZc/f3RA6xlNM41J0xqLFcrs3M/2qDTEXXfk55minC8WJRlDFLJdYsDWtIBcGKTTUAFlT/1cJjEICVzqymQ3CWT16 F7kXL0Xx3WW/bZRxVdIrOUAM56Aq10S3qIBdhVKBn9IrejCfjxXg3PhatFaOcOUZ/ZHz+AK/wlb0=</latexit><latexit sha1_base64="IDYfDgNSZLmChGHR5pyjICODzxU= ">AAACAHicbZDNSsNAFIUn9a/Wv6gLF26CRWg3JRFBlwU3LiuYttDEcDOdtEMnkzAzEUrIxldx40IRtz6GO9/GaZuFth4Y+Dj3X u7cE6aMSmXb30ZlbX1jc6u6XdvZ3ds/MA+PujLJBCYuTlgi+iFIwignrqKKkX4qCMQhI71wcjOr9x6JkDTh92qaEj+GEacRxaC0F Zgn3hhU7hYND1g6hsB5yBu8WTQDs2637LmsVXBKqKNSncD88oYJzmLCFWYg5cCxU+XnIBTFjBQ1L5MkBTyBERlo5BAT6efzAwrr XDtDK0qEflxZc/f3RA6xlNM41J0xqLFcrs3M/2qDTEXXfk55minC8WJRlDFLJdYsDWtIBcGKTTUAFlT/1cJjEICVzqymQ3CWT16 F7kXL0Xx3WW/bZRxVdIrOUAM56Aq10S3qIBdhVKBn9IrejCfjxXg3PhatFaOcOUZ/ZHz+AK/wlb0=</latexit><latexit sha1_base64="IDYfDgNSZLmChGHR5pyjICODzxU= ">AAACAHicbZDNSsNAFIUn9a/Wv6gLF26CRWg3JRFBlwU3LiuYttDEcDOdtEMnkzAzEUrIxldx40IRtz6GO9/GaZuFth4Y+Dj3X u7cE6aMSmXb30ZlbX1jc6u6XdvZ3ds/MA+PujLJBCYuTlgi+iFIwignrqKKkX4qCMQhI71wcjOr9x6JkDTh92qaEj+GEacRxaC0F Zgn3hhU7hYND1g6hsB5yBu8WTQDs2637LmsVXBKqKNSncD88oYJzmLCFWYg5cCxU+XnIBTFjBQ1L5MkBTyBERlo5BAT6efzAwrr XDtDK0qEflxZc/f3RA6xlNM41J0xqLFcrs3M/2qDTEXXfk55minC8WJRlDFLJdYsDWtIBcGKTTUAFlT/1cJjEICVzqymQ3CWT16 F7kXL0Xx3WW/bZRxVdIrOUAM56Aq10S3qIBdhVKBn9IrejCfjxXg3PhatFaOcOUZ/ZHz+AK/wlb0=</latexit><latexit sha1_base64="IDYfDgNSZLmChGHR5pyjICODzxU= ">AAACAHicbZDNSsNAFIUn9a/Wv6gLF26CRWg3JRFBlwU3LiuYttDEcDOdtEMnkzAzEUrIxldx40IRtz6GO9/GaZuFth4Y+Dj3X u7cE6aMSmXb30ZlbX1jc6u6XdvZ3ds/MA+PujLJBCYuTlgi+iFIwignrqKKkX4qCMQhI71wcjOr9x6JkDTh92qaEj+GEacRxaC0F Zgn3hhU7hYND1g6hsB5yBu8WTQDs2637LmsVXBKqKNSncD88oYJzmLCFWYg5cCxU+XnIBTFjBQ1L5MkBTyBERlo5BAT6efzAwrr XDtDK0qEflxZc/f3RA6xlNM41J0xqLFcrs3M/2qDTEXXfk55minC8WJRlDFLJdYsDWtIBcGKTTUAFlT/1cJjEICVzqymQ3CWT16 F7kXL0Xx3WW/bZRxVdIrOUAM56Aq10S3qIBdhVKBn9IrejCfjxXg3PhatFaOcOUZ/ZHz+AK/wlb0=</latexit>
 (n)
<latexit sha1_base64="1+/WOUdkZr LACRP7YX8SBnoFx28=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHgheP FewHtrFstpN26WYTdjdCCf0XXjwo4tV/481/47bNQVtfWHh4Z4adeYNEcG1c99s prK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxjezev sJleaxvDeTBP2IDiUPOaPGWg+9xog/ZlV5Pu2XK27NnYusgpdDBXI1+uWv3iBmaY TSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5xlNyZp0BCWNlnzRk7v6ey Gik9SQKbGdEzUgv12bmf7VuasJrP+MySQ1KtvgoTAUxMZmdTwZcITNiYoEyxe2u hI2ooszYkEo2BG/55FVoXdQ8y3eXlbqbx1GEEziFKnhwBXW4hQY0gYGEZ3iFN0c7 L86787FoLTj5zDH8kfP5A/EokF4=</latexit><latexit sha1_base64="1+/WOUdkZr LACRP7YX8SBnoFx28=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHgheP FewHtrFstpN26WYTdjdCCf0XXjwo4tV/481/47bNQVtfWHh4Z4adeYNEcG1c99s prK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxjezev sJleaxvDeTBP2IDiUPOaPGWg+9xog/ZlV5Pu2XK27NnYusgpdDBXI1+uWv3iBmaY TSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5xlNyZp0BCWNlnzRk7v6ey Gik9SQKbGdEzUgv12bmf7VuasJrP+MySQ1KtvgoTAUxMZmdTwZcITNiYoEyxe2u hI2ooszYkEo2BG/55FVoXdQ8y3eXlbqbx1GEEziFKnhwBXW4hQY0gYGEZ3iFN0c7 L86787FoLTj5zDH8kfP5A/EokF4=</latexit><latexit sha1_base64="1+/WOUdkZr LACRP7YX8SBnoFx28=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHgheP FewHtrFstpN26WYTdjdCCf0XXjwo4tV/481/47bNQVtfWHh4Z4adeYNEcG1c99s prK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxjezev sJleaxvDeTBP2IDiUPOaPGWg+9xog/ZlV5Pu2XK27NnYusgpdDBXI1+uWv3iBmaY TSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5xlNyZp0BCWNlnzRk7v6ey Gik9SQKbGdEzUgv12bmf7VuasJrP+MySQ1KtvgoTAUxMZmdTwZcITNiYoEyxe2u hI2ooszYkEo2BG/55FVoXdQ8y3eXlbqbx1GEEziFKnhwBXW4hQY0gYGEZ3iFN0c7 L86787FoLTj5zDH8kfP5A/EokF4=</latexit><latexit sha1_base64="1+/WOUdkZr LACRP7YX8SBnoFx28=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHgheP FewHtrFstpN26WYTdjdCCf0XXjwo4tV/481/47bNQVtfWHh4Z4adeYNEcG1c99s prK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxjezev sJleaxvDeTBP2IDiUPOaPGWg+9xog/ZlV5Pu2XK27NnYusgpdDBXI1+uWv3iBmaY TSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5xlNyZp0BCWNlnzRk7v6ey Gik9SQKbGdEzUgv12bmf7VuasJrP+MySQ1KtvgoTAUxMZmdTwZcITNiYoEyxe2u hI2ooszYkEo2BG/55FVoXdQ8y3eXlbqbx1GEEziFKnhwBXW4hQY0gYGEZ3iFN0c7 L86787FoLTj5zDH8kfP5A/EokF4=</latexit>
Bˆ (w)
<latexit sha1_base64="s/v+1XbZBpqpBbCZL20kED6 Q1Hs=">AAACBXicbZDLSsNAFIYnXmu9RV3qYrAIdVMSEXRZdOOygr1AE8pkMmmGTi7MnCglZOPGV3HjQhG3voM738 Zpm4W2/jDw8Z9zOHN+LxVcgWV9G0vLK6tr65WN6ubW9s6uubffUUkmKWvTRCSy5xHFBI9ZGzgI1kslI5EnWNcbXU/ q3XsmFU/iOxinzI3IMOYBpwS0NTCPnJBAflU4ggVQd7xE+PlD4Ug+DOF0YNashjUVXgS7hBoq1RqYX46f0CxiMVBB lOrbVgpuTiRwKlhRdTLFUkJHZMj6GmMSMeXm0ysKfKIdHweJ1C8GPHV/T+QkUmocebozIhCq+drE/K/WzyC4dHMep xmwmM4WBZnAkOBJJNjnklEQYw2ESq7/imlIJKGgg6vqEOz5kxehc9awNd+e15pWGUcFHaJjVEc2ukBNdINaqI0oekT P6BW9GU/Gi/FufMxal4xy5gD9kfH5A+f8mMI=</latexit><latexit sha1_base64="s/v+1XbZBpqpBbCZL20kED6 Q1Hs=">AAACBXicbZDLSsNAFIYnXmu9RV3qYrAIdVMSEXRZdOOygr1AE8pkMmmGTi7MnCglZOPGV3HjQhG3voM738 Zpm4W2/jDw8Z9zOHN+LxVcgWV9G0vLK6tr65WN6ubW9s6uubffUUkmKWvTRCSy5xHFBI9ZGzgI1kslI5EnWNcbXU/ q3XsmFU/iOxinzI3IMOYBpwS0NTCPnJBAflU4ggVQd7xE+PlD4Ug+DOF0YNashjUVXgS7hBoq1RqYX46f0CxiMVBB lOrbVgpuTiRwKlhRdTLFUkJHZMj6GmMSMeXm0ysKfKIdHweJ1C8GPHV/T+QkUmocebozIhCq+drE/K/WzyC4dHMep xmwmM4WBZnAkOBJJNjnklEQYw2ESq7/imlIJKGgg6vqEOz5kxehc9awNd+e15pWGUcFHaJjVEc2ukBNdINaqI0oekT P6BW9GU/Gi/FufMxal4xy5gD9kfH5A+f8mMI=</latexit><latexit sha1_base64="s/v+1XbZBpqpBbCZL20kED6 Q1Hs=">AAACBXicbZDLSsNAFIYnXmu9RV3qYrAIdVMSEXRZdOOygr1AE8pkMmmGTi7MnCglZOPGV3HjQhG3voM738 Zpm4W2/jDw8Z9zOHN+LxVcgWV9G0vLK6tr65WN6ubW9s6uubffUUkmKWvTRCSy5xHFBI9ZGzgI1kslI5EnWNcbXU/ q3XsmFU/iOxinzI3IMOYBpwS0NTCPnJBAflU4ggVQd7xE+PlD4Ug+DOF0YNashjUVXgS7hBoq1RqYX46f0CxiMVBB lOrbVgpuTiRwKlhRdTLFUkJHZMj6GmMSMeXm0ysKfKIdHweJ1C8GPHV/T+QkUmocebozIhCq+drE/K/WzyC4dHMep xmwmM4WBZnAkOBJJNjnklEQYw2ESq7/imlIJKGgg6vqEOz5kxehc9awNd+e15pWGUcFHaJjVEc2ukBNdINaqI0oekT P6BW9GU/Gi/FufMxal4xy5gD9kfH5A+f8mMI=</latexit><latexit sha1_base64="s/v+1XbZBpqpBbCZL20kED6 Q1Hs=">AAACBXicbZDLSsNAFIYnXmu9RV3qYrAIdVMSEXRZdOOygr1AE8pkMmmGTi7MnCglZOPGV3HjQhG3voM738 Zpm4W2/jDw8Z9zOHN+LxVcgWV9G0vLK6tr65WN6ubW9s6uubffUUkmKWvTRCSy5xHFBI9ZGzgI1kslI5EnWNcbXU/ q3XsmFU/iOxinzI3IMOYBpwS0NTCPnJBAflU4ggVQd7xE+PlD4Ug+DOF0YNashjUVXgS7hBoq1RqYX46f0CxiMVBB lOrbVgpuTiRwKlhRdTLFUkJHZMj6GmMSMeXm0ysKfKIdHweJ1C8GPHV/T+QkUmocebozIhCq+drE/K/WzyC4dHMep xmwmM4WBZnAkOBJJNjnklEQYw2ESq7/imlIJKGgg6vqEOz5kxehc9awNd+e15pWGUcFHaJjVEc2ukBNdINaqI0oekT P6BW9GU/Gi/FufMxal4xy5gD9kfH5A+f8mMI=</latexit>
Bˆ† (w)
<latexit sha1_base64="eFOkIs7FfzYgrYQCD3GTrpoPegY= ">AAACDXicbZC7SgNBFIZn4y3GW9TSZjEKsQm7ImgZtLGMYC6QjWF29uxmyOyFmbNKWPYFbHwVGwtFbO3tfBsnl0ITfxj4+M85nD m/mwiu0LK+jcLS8srqWnG9tLG5tb1T3t1rqTiVDJosFrHsuFSB4BE0kaOATiKBhq6Atju8Gtfb9yAVj6NbHCXQC2kQcZ8zitrql4 +cAcXsMr9zPBoEIB0BPlYdNxZe9pA7kgcDPOmXK1bNmshcBHsGFTJTo1/+cryYpSFEyARVqmtbCfYyKpEzAXnJSRUklA1pAF2NEQ 1B9bLJNbl5rB3P9GOpX4TmxP09kdFQqVHo6s6Q4kDN18bmf7Vuiv5FL+NRkiJEbLrIT4WJsTmOxvS4BIZipIEyyfVfTTagkjLUA ZZ0CPb8yYvQOq3Zmm/OKnVrFkeRHJBDUiU2OSd1ck0apEkYeSTP5JW8GU/Gi/FufExbC8ZsZp/8kfH5AzgbnDY=</latexit><latexit sha1_base64="eFOkIs7FfzYgrYQCD3GTrpoPegY= ">AAACDXicbZC7SgNBFIZn4y3GW9TSZjEKsQm7ImgZtLGMYC6QjWF29uxmyOyFmbNKWPYFbHwVGwtFbO3tfBsnl0ITfxj4+M85nD m/mwiu0LK+jcLS8srqWnG9tLG5tb1T3t1rqTiVDJosFrHsuFSB4BE0kaOATiKBhq6Atju8Gtfb9yAVj6NbHCXQC2kQcZ8zitrql4 +cAcXsMr9zPBoEIB0BPlYdNxZe9pA7kgcDPOmXK1bNmshcBHsGFTJTo1/+cryYpSFEyARVqmtbCfYyKpEzAXnJSRUklA1pAF2NEQ 1B9bLJNbl5rB3P9GOpX4TmxP09kdFQqVHo6s6Q4kDN18bmf7Vuiv5FL+NRkiJEbLrIT4WJsTmOxvS4BIZipIEyyfVfTTagkjLUA ZZ0CPb8yYvQOq3Zmm/OKnVrFkeRHJBDUiU2OSd1ck0apEkYeSTP5JW8GU/Gi/FufExbC8ZsZp/8kfH5AzgbnDY=</latexit><latexit sha1_base64="eFOkIs7FfzYgrYQCD3GTrpoPegY= ">AAACDXicbZC7SgNBFIZn4y3GW9TSZjEKsQm7ImgZtLGMYC6QjWF29uxmyOyFmbNKWPYFbHwVGwtFbO3tfBsnl0ITfxj4+M85nD m/mwiu0LK+jcLS8srqWnG9tLG5tb1T3t1rqTiVDJosFrHsuFSB4BE0kaOATiKBhq6Atju8Gtfb9yAVj6NbHCXQC2kQcZ8zitrql4 +cAcXsMr9zPBoEIB0BPlYdNxZe9pA7kgcDPOmXK1bNmshcBHsGFTJTo1/+cryYpSFEyARVqmtbCfYyKpEzAXnJSRUklA1pAF2NEQ 1B9bLJNbl5rB3P9GOpX4TmxP09kdFQqVHo6s6Q4kDN18bmf7Vuiv5FL+NRkiJEbLrIT4WJsTmOxvS4BIZipIEyyfVfTTagkjLUA ZZ0CPb8yYvQOq3Zmm/OKnVrFkeRHJBDUiU2OSd1ck0apEkYeSTP5JW8GU/Gi/FufExbC8ZsZp/8kfH5AzgbnDY=</latexit><latexit sha1_base64="eFOkIs7FfzYgrYQCD3GTrpoPegY= ">AAACDXicbZC7SgNBFIZn4y3GW9TSZjEKsQm7ImgZtLGMYC6QjWF29uxmyOyFmbNKWPYFbHwVGwtFbO3tfBsnl0ITfxj4+M85nD m/mwiu0LK+jcLS8srqWnG9tLG5tb1T3t1rqTiVDJosFrHsuFSB4BE0kaOATiKBhq6Atju8Gtfb9yAVj6NbHCXQC2kQcZ8zitrql4 +cAcXsMr9zPBoEIB0BPlYdNxZe9pA7kgcDPOmXK1bNmshcBHsGFTJTo1/+cryYpSFEyARVqmtbCfYyKpEzAXnJSRUklA1pAF2NEQ 1B9bLJNbl5rB3P9GOpX4TmxP09kdFQqVHo6s6Q4kDN18bmf7Vuiv5FL+NRkiJEbLrIT4WJsTmOxvS4BIZipIEyyfVfTTagkjLUA ZZ0CPb8yYvQOq3Zmm/OKnVrFkeRHJBDUiU2OSd1ck0apEkYeSTP5JW8GU/Gi/FufExbC8ZsZp/8kfH5AzgbnDY=</latexit>
Squeezed		
vacuum	
vacuum	
homo	
=<latexit sha1_base64="SAxclQPCCCjZJixxgfv62v0S6hA=">AAAB6HicbZBNS8NAE IYn9avWr6pHL4tF8FQSEepFKHjx2IL9gDaUzXbSrt1swu5GKKG/wIsHRbz6k7z5b9y2OWjrCwsP78ywM2+QCK6N6347hY3Nre2d4m5pb//g8Kh8fNLWcaoYtlgsYtUNqEbBJbYMNwK 7iUIaBQI7weRuXu88odI8lg9mmqAf0ZHkIWfUWKt5OyhX3Kq7EFkHL4cK5GoMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FmUNELtZ4tFZ+TCOkMSxso+acjC/T2R0Ujra RTYzoiasV6tzc3/ar3UhDd+xmWSGpRs+VGYCmJiMr+aDLlCZsTUAmWK210JG1NFmbHZlGwI3urJ69C+qnqWm9eVupvHUYQzOIdL8KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/B HzucPh2WMrw==</latexit><latexit sha1_base64="SAxclQPCCCjZJixxgfv62v0S6hA=">AAAB6HicbZBNS8NAE IYn9avWr6pHL4tF8FQSEepFKHjx2IL9gDaUzXbSrt1swu5GKKG/wIsHRbz6k7z5b9y2OWjrCwsP78ywM2+QCK6N6347hY3Nre2d4m5pb//g8Kh8fNLWcaoYtlgsYtUNqEbBJbYMNwK 7iUIaBQI7weRuXu88odI8lg9mmqAf0ZHkIWfUWKt5OyhX3Kq7EFkHL4cK5GoMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FmUNELtZ4tFZ+TCOkMSxso+acjC/T2R0Ujra RTYzoiasV6tzc3/ar3UhDd+xmWSGpRs+VGYCmJiMr+aDLlCZsTUAmWK210JG1NFmbHZlGwI3urJ69C+qnqWm9eVupvHUYQzOIdL8KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/B HzucPh2WMrw==</latexit><latexit sha1_base64="SAxclQPCCCjZJixxgfv62v0S6hA=">AAAB6HicbZBNS8NAE IYn9avWr6pHL4tF8FQSEepFKHjx2IL9gDaUzXbSrt1swu5GKKG/wIsHRbz6k7z5b9y2OWjrCwsP78ywM2+QCK6N6347hY3Nre2d4m5pb//g8Kh8fNLWcaoYtlgsYtUNqEbBJbYMNwK 7iUIaBQI7weRuXu88odI8lg9mmqAf0ZHkIWfUWKt5OyhX3Kq7EFkHL4cK5GoMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FmUNELtZ4tFZ+TCOkMSxso+acjC/T2R0Ujra RTYzoiasV6tzc3/ar3UhDd+xmWSGpRs+VGYCmJiMr+aDLlCZsTUAmWK210JG1NFmbHZlGwI3urJ69C+qnqWm9eVupvHUYQzOIdL8KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/B HzucPh2WMrw==</latexit><latexit sha1_base64="SAxclQPCCCjZJixxgfv62v0S6hA=">AAAB6HicbZBNS8NAE IYn9avWr6pHL4tF8FQSEepFKHjx2IL9gDaUzXbSrt1swu5GKKG/wIsHRbz6k7z5b9y2OWjrCwsP78ywM2+QCK6N6347hY3Nre2d4m5pb//g8Kh8fNLWcaoYtlgsYtUNqEbBJbYMNwK 7iUIaBQI7weRuXu88odI8lg9mmqAf0ZHkIWfUWKt5OyhX3Kq7EFkHL4cK5GoMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FmUNELtZ4tFZ+TCOkMSxso+acjC/T2R0Ujra RTYzoiasV6tzc3/ar3UhDd+xmWSGpRs+VGYCmJiMr+aDLlCZsTUAmWK210JG1NFmbHZlGwI3urJ69C+qnqWm9eVupvHUYQzOIdL8KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/B HzucPh2WMrw==</latexit>yˆ(n)
<latexit sha1_base64="BLDNlGvJG3t6FMefgDyn2nrrOUY=">AAAB9HicbZBNS8NAEIYn9avWr6pHL8Ei 1EtJRNBjwYvHCrYV2lg22027dLOJu5NCCPkdXjwo4tUf481/47bNQVtfWHh4Z4aZff1YcI2O822V1tY3NrfK25Wd3b39g+rhUUdHiaKsTSMRqQefaCa4ZG3kKNhDrBgJfcG6/uRmVu9OmdI8kveYxswLyUjygFOCxvL6Y4J Zmj9mdXmeD6o1p+HMZa+CW0ANCrUG1a/+MKJJyCRSQbTuuU6MXkYUcipYXuknmsWETsiI9QxKEjLtZfOjc/vMOEM7iJR5Eu25+3siI6HWaeibzpDgWC/XZuZ/tV6CwbWXcRknyCRdLAoSYWNkzxKwh1wxiiI1QKji5labjo kiFE1OFROCu/zlVehcNFzDd5e1plPEUYYTOIU6uHAFTbiFFrSBwhM8wyu8WVPrxXq3PhatJauYOYY/sj5/AMmikgk=</latexit><latexit sha1_base64="BLDNlGvJG3t6FMefgDyn2nrrOUY=">AAAB9HicbZBNS8NAEIYn9avWr6pHL8Ei 1EtJRNBjwYvHCrYV2lg22027dLOJu5NCCPkdXjwo4tUf481/47bNQVtfWHh4Z4aZff1YcI2O822V1tY3NrfK25Wd3b39g+rhUUdHiaKsTSMRqQefaCa4ZG3kKNhDrBgJfcG6/uRmVu9OmdI8kveYxswLyUjygFOCxvL6Y4J Zmj9mdXmeD6o1p+HMZa+CW0ANCrUG1a/+MKJJyCRSQbTuuU6MXkYUcipYXuknmsWETsiI9QxKEjLtZfOjc/vMOEM7iJR5Eu25+3siI6HWaeibzpDgWC/XZuZ/tV6CwbWXcRknyCRdLAoSYWNkzxKwh1wxiiI1QKji5labjo kiFE1OFROCu/zlVehcNFzDd5e1plPEUYYTOIU6uHAFTbiFFrSBwhM8wyu8WVPrxXq3PhatJauYOYY/sj5/AMmikgk=</latexit><latexit sha1_base64="BLDNlGvJG3t6FMefgDyn2nrrOUY=">AAAB9HicbZBNS8NAEIYn9avWr6pHL8Ei 1EtJRNBjwYvHCrYV2lg22027dLOJu5NCCPkdXjwo4tUf481/47bNQVtfWHh4Z4aZff1YcI2O822V1tY3NrfK25Wd3b39g+rhUUdHiaKsTSMRqQefaCa4ZG3kKNhDrBgJfcG6/uRmVu9OmdI8kveYxswLyUjygFOCxvL6Y4J Zmj9mdXmeD6o1p+HMZa+CW0ANCrUG1a/+MKJJyCRSQbTuuU6MXkYUcipYXuknmsWETsiI9QxKEjLtZfOjc/vMOEM7iJR5Eu25+3siI6HWaeibzpDgWC/XZuZ/tV6CwbWXcRknyCRdLAoSYWNkzxKwh1wxiiI1QKji5labjo kiFE1OFROCu/zlVehcNFzDd5e1plPEUYYTOIU6uHAFTbiFFrSBwhM8wyu8WVPrxXq3PhatJauYOYY/sj5/AMmikgk=</latexit><latexit sha1_base64="BLDNlGvJG3t6FMefgDyn2nrrOUY=">AAAB9HicbZBNS8NAEIYn9avWr6pHL8Ei 1EtJRNBjwYvHCrYV2lg22027dLOJu5NCCPkdXjwo4tUf481/47bNQVtfWHh4Z4aZff1YcI2O822V1tY3NrfK25Wd3b39g+rhUUdHiaKsTSMRqQefaCa4ZG3kKNhDrBgJfcG6/uRmVu9OmdI8kveYxswLyUjygFOCxvL6Y4J Zmj9mdXmeD6o1p+HMZa+CW0ANCrUG1a/+MKJJyCRSQbTuuU6MXkYUcipYXuknmsWETsiI9QxKEjLtZfOjc/vMOEM7iJR5Eu25+3siI6HWaeibzpDgWC/XZuZ/tV6CwbWXcRknyCRdLAoSYWNkzxKwh1wxiiI1QKji5labjo kiFE1OFROCu/zlVehcNFzDd5e1plPEUYYTOIU6uHAFTbiFFrSBwhM8wyu8WVPrxXq3PhatJauYOYY/sj5/AMmikgk=</latexit>
Classical	control	
training	
decision	
y(n)
<latexit sha1_base64="Xd6efMOKS8 G2aKzV+3pO1wAGiTM=">AAAB7nicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY8OKx gv2ANpbNdtMu3WzC7kQIoT/CiwdFvPp7vPlv3LY5aOsLCw/vzLAzb5BIYdB1v52 19Y3Nre3STnl3b//gsHJ03DZxqhlvsVjGuhtQw6VQvIUCJe8mmtMokLwTTG5n9c 4T10bE6gGzhPsRHSkRCkbRWp3sMa+pi+mgUnXr7lxkFbwCqlCoOah89YcxSyOukE lqTM9zE/RzqlEwyaflfmp4QtmEjnjPoqIRN34+X3dKzq0zJGGs7VNI5u7viZxGx mRRYDsjimOzXJuZ/9V6KYY3fi5UkiJXbPFRmEqCMZndToZCc4Yys0CZFnZXwsZU U4Y2obINwVs+eRXal3XP8v1VteEWcZTgFM6gBh5cQwPuoAktYDCBZ3iFNydxXpx3 52PRuuYUMyfwR87nD+/wjzw=</latexit><latexit sha1_base64="Xd6efMOKS8 G2aKzV+3pO1wAGiTM=">AAAB7nicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY8OKx gv2ANpbNdtMu3WzC7kQIoT/CiwdFvPp7vPlv3LY5aOsLCw/vzLAzb5BIYdB1v52 19Y3Nre3STnl3b//gsHJ03DZxqhlvsVjGuhtQw6VQvIUCJe8mmtMokLwTTG5n9c 4T10bE6gGzhPsRHSkRCkbRWp3sMa+pi+mgUnXr7lxkFbwCqlCoOah89YcxSyOukE lqTM9zE/RzqlEwyaflfmp4QtmEjnjPoqIRN34+X3dKzq0zJGGs7VNI5u7viZxGx mRRYDsjimOzXJuZ/9V6KYY3fi5UkiJXbPFRmEqCMZndToZCc4Yys0CZFnZXwsZU U4Y2obINwVs+eRXal3XP8v1VteEWcZTgFM6gBh5cQwPuoAktYDCBZ3iFNydxXpx3 52PRuuYUMyfwR87nD+/wjzw=</latexit><latexit sha1_base64="Xd6efMOKS8 G2aKzV+3pO1wAGiTM=">AAAB7nicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY8OKx gv2ANpbNdtMu3WzC7kQIoT/CiwdFvPp7vPlv3LY5aOsLCw/vzLAzb5BIYdB1v52 19Y3Nre3STnl3b//gsHJ03DZxqhlvsVjGuhtQw6VQvIUCJe8mmtMokLwTTG5n9c 4T10bE6gGzhPsRHSkRCkbRWp3sMa+pi+mgUnXr7lxkFbwCqlCoOah89YcxSyOukE lqTM9zE/RzqlEwyaflfmp4QtmEjnjPoqIRN34+X3dKzq0zJGGs7VNI5u7viZxGx mRRYDsjimOzXJuZ/9V6KYY3fi5UkiJXbPFRmEqCMZndToZCc4Yys0CZFnZXwsZU U4Y2obINwVs+eRXal3XP8v1VteEWcZTgFM6gBh5cQwPuoAktYDCBZ3iFNydxXpx3 52PRuuYUMyfwR87nD+/wjzw=</latexit><latexit sha1_base64="Xd6efMOKS8 G2aKzV+3pO1wAGiTM=">AAAB7nicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY8OKx gv2ANpbNdtMu3WzC7kQIoT/CiwdFvPp7vPlv3LY5aOsLCw/vzLAzb5BIYdB1v52 19Y3Nre3STnl3b//gsHJ03DZxqhlvsVjGuhtQw6VQvIUCJe8mmtMokLwTTG5n9c 4T10bE6gGzhPsRHSkRCkbRWp3sMa+pi+mgUnXr7lxkFbwCqlCoOah89YcxSyOukE lqTM9zE/RzqlEwyaflfmp4QtmEjnjPoqIRN34+X3dKzq0zJGGs7VNI5u7viZxGx mRRYDsjimOzXJuZ/9V6KYY3fi5UkiJXbPFRmEqCMZndToZCc4Yys0CZFnZXwsZU U4Y2obINwVs+eRXal3XP8v1VteEWcZTgFM6gBh5cQwPuoAktYDCBZ3iFNydxXpx3 52PRuuYUMyfwR87nD+/wjzw=</latexit>
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(d)	Performance	of	
Entanglement-assisted	SVM	
(c)	Performance	of		
Classical	SVM	
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 (n)
<latexit sha1_base64="1+/WOUdkZr LACRP7YX8SBnoFx28=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHgheP FewHtrFstpN26WYTdjdCCf0XXjwo4tV/481/47bNQVtfWHh4Z4adeYNEcG1c99s prK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxjezev sJleaxvDeTBP2IDiUPOaPGWg+9xog/ZlV5Pu2XK27NnYusgpdDBXI1+uWv3iBmaY TSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5xlNyZp0BCWNlnzRk7v6ey Gik9SQKbGdEzUgv12bmf7VuasJrP+MySQ1KtvgoTAUxMZmdTwZcITNiYoEyxe2u hI2ooszYkEo2BG/55FVoXdQ8y3eXlbqbx1GEEziFKnhwBXW4hQY0gYGEZ3iFN0c7 L86787FoLTj5zDH8kfP5A/EokF4=</latexit><latexit sha1_base64="1+/WOUdkZr LACRP7YX8SBnoFx28=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHgheP FewHtrFstpN26WYTdjdCCf0XXjwo4tV/481/47bNQVtfWHh4Z4adeYNEcG1c99s prK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxjezev sJleaxvDeTBP2IDiUPOaPGWg+9xog/ZlV5Pu2XK27NnYusgpdDBXI1+uWv3iBmaY TSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5xlNyZp0BCWNlnzRk7v6ey Gik9SQKbGdEzUgv12bmf7VuasJrP+MySQ1KtvgoTAUxMZmdTwZcITNiYoEyxe2u hI2ooszYkEo2BG/55FVoXdQ8y3eXlbqbx1GEEziFKnhwBXW4hQY0gYGEZ3iFN0c7 L86787FoLTj5zDH8kfP5A/EokF4=</latexit><latexit sha1_base64="1+/WOUdkZr LACRP7YX8SBnoFx28=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHgheP FewHtrFstpN26WYTdjdCCf0XXjwo4tV/481/47bNQVtfWHh4Z4adeYNEcG1c99s prK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxjezev sJleaxvDeTBP2IDiUPOaPGWg+9xog/ZlV5Pu2XK27NnYusgpdDBXI1+uWv3iBmaY TSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5xlNyZp0BCWNlnzRk7v6ey Gik9SQKbGdEzUgv12bmf7VuasJrP+MySQ1KtvgoTAUxMZmdTwZcITNiYoEyxe2u hI2ooszYkEo2BG/55FVoXdQ8y3eXlbqbx1GEEziFKnhwBXW4hQY0gYGEZ3iFN0c7 L86787FoLTj5zDH8kfP5A/EokF4=</latexit><latexit sha1_base64="1+/WOUdkZr LACRP7YX8SBnoFx28=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHgheP FewHtrFstpN26WYTdjdCCf0XXjwo4tV/481/47bNQVtfWHh4Z4adeYNEcG1c99s prK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxjezev sJleaxvDeTBP2IDiUPOaPGWg+9xog/ZlV5Pu2XK27NnYusgpdDBXI1+uWv3iBmaY TSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5xlNyZp0BCWNlnzRk7v6ey Gik9SQKbGdEzUgv12bmf7VuasJrP+MySQ1KtvgoTAUxMZmdTwZcITNiYoEyxe2u hI2ooszYkEo2BG/55FVoXdQ8y3eXlbqbx1GEEziFKnhwBXW4hQY0gYGEZ3iFN0c7 L86787FoLTj5zDH8kfP5A/EokF4=</latexit>
Uˆ(↵
(n)
M )
<latexit sha1_base64="U6tOq2J8x7fO4eezqlMYC4Kka4A =">AAACAHicbZDNSsNAFIUn/tb6F3Xhwk2wCO2mJCLosuDGjVDBtIUmhpvppB06mYSZiVBCNr6KGxeKuPUx3Pk2TtsstPXAwMe 593LnnjBlVCrb/jZWVtfWNzYrW9Xtnd29ffPgsCOTTGDi4oQloheCJIxy4iqqGOmlgkAcMtINx9fTeveRCEkTfq8mKfFjGHIaU QxKW4F57I1A5W5R94ClIwhuH/I6bxSNwKzZTXsmaxmcEmqoVDswv7xBgrOYcIUZSNl37FT5OQhFMSNF1cskSQGPYUj6GjnERPr 57IDCOtPOwIoSoR9X1sz9PZFDLOUkDnVnDGokF2tT879aP1PRlZ9TnmaKcDxfFGXMUok1TcMaUEGwYhMNgAXVf7XwCARgpTOr6 hCcxZOXoXPedDTfXdRadhlHBZ2gU1RHDrpELXSD2shFGBXoGb2iN+PJeDHejY9564pRzhyhPzI+fwDbJJXZ</latexit><latexit sha1_base64="U6tOq2J8x7fO4eezqlMYC4Kka4A =">AAACAHicbZDNSsNAFIUn/tb6F3Xhwk2wCO2mJCLosuDGjVDBtIUmhpvppB06mYSZiVBCNr6KGxeKuPUx3Pk2TtsstPXAwMe 593LnnjBlVCrb/jZWVtfWNzYrW9Xtnd29ffPgsCOTTGDi4oQloheCJIxy4iqqGOmlgkAcMtINx9fTeveRCEkTfq8mKfFjGHIaU QxKW4F57I1A5W5R94ClIwhuH/I6bxSNwKzZTXsmaxmcEmqoVDswv7xBgrOYcIUZSNl37FT5OQhFMSNF1cskSQGPYUj6GjnERPr 57IDCOtPOwIoSoR9X1sz9PZFDLOUkDnVnDGokF2tT879aP1PRlZ9TnmaKcDxfFGXMUok1TcMaUEGwYhMNgAXVf7XwCARgpTOr6 hCcxZOXoXPedDTfXdRadhlHBZ2gU1RHDrpELXSD2shFGBXoGb2iN+PJeDHejY9564pRzhyhPzI+fwDbJJXZ</latexit><latexit sha1_base64="U6tOq2J8x7fO4eezqlMYC4Kka4A =">AAACAHicbZDNSsNAFIUn/tb6F3Xhwk2wCO2mJCLosuDGjVDBtIUmhpvppB06mYSZiVBCNr6KGxeKuPUx3Pk2TtsstPXAwMe 593LnnjBlVCrb/jZWVtfWNzYrW9Xtnd29ffPgsCOTTGDi4oQloheCJIxy4iqqGOmlgkAcMtINx9fTeveRCEkTfq8mKfFjGHIaU QxKW4F57I1A5W5R94ClIwhuH/I6bxSNwKzZTXsmaxmcEmqoVDswv7xBgrOYcIUZSNl37FT5OQhFMSNF1cskSQGPYUj6GjnERPr 57IDCOtPOwIoSoR9X1sz9PZFDLOUkDnVnDGokF2tT879aP1PRlZ9TnmaKcDxfFGXMUok1TcMaUEGwYhMNgAXVf7XwCARgpTOr6 hCcxZOXoXPedDTfXdRadhlHBZ2gU1RHDrpELXSD2shFGBXoGb2iN+PJeDHejY9564pRzhyhPzI+fwDbJJXZ</latexit><latexit sha1_base64="U6tOq2J8x7fO4eezqlMYC4Kka4A =">AAACAHicbZDNSsNAFIUn/tb6F3Xhwk2wCO2mJCLosuDGjVDBtIUmhpvppB06mYSZiVBCNr6KGxeKuPUx3Pk2TtsstPXAwMe 593LnnjBlVCrb/jZWVtfWNzYrW9Xtnd29ffPgsCOTTGDi4oQloheCJIxy4iqqGOmlgkAcMtINx9fTeveRCEkTfq8mKfFjGHIaU QxKW4F57I1A5W5R94ClIwhuH/I6bxSNwKzZTXsmaxmcEmqoVDswv7xBgrOYcIUZSNl37FT5OQhFMSNF1cskSQGPYUj6GjnERPr 57IDCOtPOwIoSoR9X1sz9PZFDLOUkDnVnDGokF2tT879aP1PRlZ9TnmaKcDxfFGXMUok1TcMaUEGwYhMNgAXVf7XwCARgpTOr6 hCcxZOXoXPedDTfXdRadhlHBZ2gU1RHDrpELXSD2shFGBXoGb2iN+PJeDHejY9564pRzhyhPzI+fwDbJJXZ</latexit>
Uˆ(↵(n)m )
<latexit sha1_base64="0nxLktak2bc+isOvP4JzciZK yMA=">AAACAHicbZDNSsNAFIUn9a/Wv6gLF26CRWg3JRFBlwU3LiuYttDEcDOdtEMnkzAzEUrIxldx40IRtz6GO9/GaZ uFth4Y+Dj3Xu7cE6aMSmXb30ZlbX1jc6u6XdvZ3ds/MA+PujLJBCYuTlgi+iFIwignrqKKkX4qCMQhI71wcjOr9x6JkD Th92qaEj+GEacRxaC0FZgn3hhU7hYND1g6hiB+yBu8WTQDs2637LmsVXBKqKNSncD88oYJzmLCFWYg5cCxU+XnIBTFjB Q1L5MkBTyBERlo5BAT6efzAwrrXDtDK0qEflxZc/f3RA6xlNM41J0xqLFcrs3M/2qDTEXXfk55minC8WJRlDFLJdYsDW tIBcGKTTUAFlT/1cJjEICVzqymQ3CWT16F7kXL0Xx3WW/bZRxVdIrOUAM56Aq10S3qIBdhVKBn9IrejCfjxXg3PhatFa OcOUZ/ZHz+AAyTlfk=</latexit><latexit sha1_base64="0nxLktak2bc+isOvP4JzciZK yMA=">AAACAHicbZDNSsNAFIUn9a/Wv6gLF26CRWg3JRFBlwU3LiuYttDEcDOdtEMnkzAzEUrIxldx40IRtz6GO9/GaZ uFth4Y+Dj3Xu7cE6aMSmXb30ZlbX1jc6u6XdvZ3ds/MA+PujLJBCYuTlgi+iFIwignrqKKkX4qCMQhI71wcjOr9x6JkD Th92qaEj+GEacRxaC0FZgn3hhU7hYND1g6hiB+yBu8WTQDs2637LmsVXBKqKNSncD88oYJzmLCFWYg5cCxU+XnIBTFjB Q1L5MkBTyBERlo5BAT6efzAwrrXDtDK0qEflxZc/f3RA6xlNM41J0xqLFcrs3M/2qDTEXXfk55minC8WJRlDFLJdYsDW tIBcGKTTUAFlT/1cJjEICVzqymQ3CWT16F7kXL0Xx3WW/bZRxVdIrOUAM56Aq10S3qIBdhVKBn9IrejCfjxXg3PhatFa OcOUZ/ZHz+AAyTlfk=</latexit><latexit sha1_base64="0nxLktak2bc+isOvP4JzciZK yMA=">AAACAHicbZDNSsNAFIUn9a/Wv6gLF26CRWg3JRFBlwU3LiuYttDEcDOdtEMnkzAzEUrIxldx40IRtz6GO9/GaZ uFth4Y+Dj3Xu7cE6aMSmXb30ZlbX1jc6u6XdvZ3ds/MA+PujLJBCYuTlgi+iFIwignrqKKkX4qCMQhI71wcjOr9x6JkD Th92qaEj+GEacRxaC0FZgn3hhU7hYND1g6hiB+yBu8WTQDs2637LmsVXBKqKNSncD88oYJzmLCFWYg5cCxU+XnIBTFjB Q1L5MkBTyBERlo5BAT6efzAwrrXDtDK0qEflxZc/f3RA6xlNM41J0xqLFcrs3M/2qDTEXXfk55minC8WJRlDFLJdYsDW tIBcGKTTUAFlT/1cJjEICVzqymQ3CWT16F7kXL0Xx3WW/bZRxVdIrOUAM56Aq10S3qIBdhVKBn9IrejCfjxXg3PhatFa OcOUZ/ZHz+AAyTlfk=</latexit><latexit sha1_base64="0nxLktak2bc+isOvP4JzciZK yMA=">AAACAHicbZDNSsNAFIUn9a/Wv6gLF26CRWg3JRFBlwU3LiuYttDEcDOdtEMnkzAzEUrIxldx40IRtz6GO9/GaZ uFth4Y+Dj3Xu7cE6aMSmXb30ZlbX1jc6u6XdvZ3ds/MA+PujLJBCYuTlgi+iFIwignrqKKkX4qCMQhI71wcjOr9x6JkD Th92qaEj+GEacRxaC0FZgn3hhU7hYND1g6hiB+yBu8WTQDs2637LmsVXBKqKNSncD88oYJzmLCFWYg5cCxU+XnIBTFjB Q1L5MkBTyBERlo5BAT6efzAwrrXDtDK0qEflxZc/f3RA6xlNM41J0xqLFcrs3M/2qDTEXXfk55minC8WJRlDFLJdYsDW tIBcGKTTUAFlT/1cJjEICVzqymQ3CWT16F7kXL0Xx3WW/bZRxVdIrOUAM56Aq10S3qIBdhVKBn9IrejCfjxXg3PhatFa OcOUZ/ZHz+AAyTlfk=</latexit>
Uˆ(↵
(n)
1 )<latexit sha1_base64="IDYfDgNSZLmChGHR5pyjICODzxU= ">AAACAHicbZDNSsNAFIUn9a/Wv6gLF26CRWg3JRFBlwU3LiuYttDEcDOdtEMnkzAzEUrIxldx40IRtz6GO9/GaZuFth4Y+Dj3X u7cE6aMSmXb30ZlbX1jc6u6XdvZ3ds/MA+PujLJBCYuTlgi+iFIwignrqKKkX4qCMQhI71wcjOr9x6JkDTh92qaEj+GEacRxaC0F Zgn3hhU7hYND1g6hsB5yBu8WTQDs2637LmsVXBKqKNSncD88oYJzmLCFWYg5cCxU+XnIBTFjBQ1L5MkBTyBERlo5BAT6efzAwrr XDtDK0qEflxZc/f3RA6xlNM41J0xqLFcrs3M/2qDTEXXfk55minC8WJRlDFLJdYsDWtIBcGKTTUAFlT/1cJjEICVzqymQ3CWT16 F7kXL0Xx3WW/bZRxVdIrOUAM56Aq10S3qIBdhVKBn9IrejCfjxXg3PhatFaOcOUZ/ZHz+AK/wlb0=</latexit><latexit sha1_base64="IDYfDgNSZLmChGHR5pyjICODzxU= ">AAACAHicbZDNSsNAFIUn9a/Wv6gLF26CRWg3JRFBlwU3LiuYttDEcDOdtEMnkzAzEUrIxldx40IRtz6GO9/GaZuFth4Y+Dj3X u7cE6aMSmXb30ZlbX1jc6u6XdvZ3ds/MA+PujLJBCYuTlgi+iFIwignrqKKkX4qCMQhI71wcjOr9x6JkDTh92qaEj+GEacRxaC0F Zgn3hhU7hYND1g6hsB5yBu8WTQDs2637LmsVXBKqKNSncD88oYJzmLCFWYg5cCxU+XnIBTFjBQ1L5MkBTyBERlo5BAT6efzAwrr XDtDK0qEflxZc/f3RA6xlNM41J0xqLFcrs3M/2qDTEXXfk55minC8WJRlDFLJdYsDWtIBcGKTTUAFlT/1cJjEICVzqymQ3CWT16 F7kXL0Xx3WW/bZRxVdIrOUAM56Aq10S3qIBdhVKBn9IrejCfjxXg3PhatFaOcOUZ/ZHz+AK/wlb0=</latexit><latexit sha1_base64="IDYfDgNSZLmChGHR5pyjICODzxU= ">AAACAHicbZDNSsNAFIUn9a/Wv6gLF26CRWg3JRFBlwU3LiuYttDEcDOdtEMnkzAzEUrIxldx40IRtz6GO9/GaZuFth4Y+Dj3X u7cE6aMSmXb30ZlbX1jc6u6XdvZ3ds/MA+PujLJBCYuTlgi+iFIwignrqKKkX4qCMQhI71wcjOr9x6JkDTh92qaEj+GEacRxaC0F Zgn3hhU7hYND1g6hsB5yBu8WTQDs2637LmsVXBKqKNSncD88oYJzmLCFWYg5cCxU+XnIBTFjBQ1L5MkBTyBERlo5BAT6efzAwrr XDtDK0qEflxZc/f3RA6xlNM41J0xqLFcrs3M/2qDTEXXfk55minC8WJRlDFLJdYsDWtIBcGKTTUAFlT/1cJjEICVzqymQ3CWT16 F7kXL0Xx3WW/bZRxVdIrOUAM56Aq10S3qIBdhVKBn9IrejCfjxXg3PhatFaOcOUZ/ZHz+AK/wlb0=</latexit><latexit sha1_base64="IDYfDgNSZLmChGHR5pyjICODzxU= ">AAACAHicbZDNSsNAFIUn9a/Wv6gLF26CRWg3JRFBlwU3LiuYttDEcDOdtEMnkzAzEUrIxldx40IRtz6GO9/GaZuFth4Y+Dj3X u7cE6aMSmXb30ZlbX1jc6u6XdvZ3ds/MA+PujLJBCYuTlgi+iFIwignrqKKkX4qCMQhI71wcjOr9x6JkDTh92qaEj+GEacRxaC0F Zgn3hhU7hYND1g6hsB5yBu8WTQDs2637LmsVXBKqKNSncD88oYJzmLCFWYg5cCxU+XnIBTFjBQ1L5MkBTyBERlo5BAT6efzAwrr XDtDK0qEflxZc/f3RA6xlNM41J0xqLFcrs3M/2qDTEXXfk55minC8WJRlDFLJdYsDWtIBcGKTTUAFlT/1cJjEICVzqymQ3CWT16 F7kXL0Xx3WW/bZRxVdIrOUAM56Aq10S3qIBdhVKBn9IrejCfjxXg3PhatFaOcOUZ/ZHz+AK/wlb0=</latexit>
(a)	Classical	SVM	
(b)	Entanglement-assisted	SVM	
homo	
homo	
homo	
Classical	SVM		
algorithm	
Squeezed		
vacuum	
Squeezed		
vacuum	
Squeezed		
vacuum	
↵˜
(n)
1
<latexit sha1_base64="XtrXuX40/e7Y5O1EPM3FyEtfvQg=">AAAB/3icbVBNS8NAEN34WetXVPDiJViEeilJFfRY9 OKxgv2AJobJdtMu3WzC7kYoMQf/ihcPinj1b3jz37htc9DWBwOP92aYmRckjEpl29/G0vLK6tp6aaO8ubW9s2vu7bdlnApMWjhmsegGIAmjnLQUVYx0E0EgChjpBKPrid95IELSmN+pcUK8CAachhSD0pJvHrqKsj7JXGDJEHLfuc+q/DT3zYpds6e wFolTkAoq0PTNL7cf4zQiXGEGUvYcO1FeBkJRzEhedlNJEsAjGJCephwiIr1sen9unWilb4Wx0MWVNVV/T2QQSTmOAt0ZgRrKeW8i/uf1UhVeehnlSaoIx7NFYcosFVuTMKw+FQQrNtYEsKD6VgsPQQBWOrKyDsGZf3mRtOs156xWvz2vNK6KOEroC B2jKnLQBWqgG9RELYTRI3pGr+jNeDJejHfjY9a6ZBQzB+gPjM8f1Q2V+A==</latexit>
↵˜(n)m<latexit sha1_base64="qnALqSxtTv7Y/LRQvglES5ITEgA=">AAA B/3icbVDLSsNAFJ3UV62vqODGzWAR6qYkVdBlwY3LCvYBbQyTyaQdOjMJMxOhxCz8FTcuFHHrb7jzb5y2WWjrgQuHc+7l3nuChFGlHefbKq2 srq1vlDcrW9s7u3v2/kFHxanEpI1jFstegBRhVJC2ppqRXiIJ4gEj3WB8PfW7D0QqGos7PUmIx9FQ0IhipI3k20cDTVlIsgFiyQjlPr/PauIs 9+2qU3dmgMvELUgVFGj59tcgjHHKidCYIaX6rpNoL0NSU8xIXhmkiiQIj9GQ9A0ViBPlZbP7c3hqlBBGsTQlNJypvycyxJWa8MB0cqRHatGbi v95/VRHV15GRZJqIvB8UZQyqGM4DQOGVBKs2cQQhCU1t0I8QhJhbSKrmBDcxZeXSadRd8/rjduLarNRxFEGx+AE1IALLkET3IAWaAMMHsEze AVv1pP1Yr1bH/PWklXMHII/sD5/ACykliQ=</latexit>
↵˜
(n)
M
<latexit sha1_base64="4JztCGgglIIXyqj3la/kvoCuxqk=" >AAAB/3icbVBNS8NAEN34WetXVPDiJViEeilJFfRY8OJFqGA/oIlhs920SzebsDsRSszBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuY FCWcKbPvbWFpeWV1bL22UN7e2d3bNvf22ilNJaIvEPJbdACvKmaAtYMBpN5EURwGnnWB0NfE7D1QqFos7GCfUi/BAsJARDFryzUMX GO/TzMU8GeLcv7nPquI0982KXbOnsBaJU5AKKtD0zS+3H5M0ogIIx0r1HDsBL8MSGOE0L7upogkmIzygPU0Fjqjysun9uXWilb4V xlKXAGuq/p7IcKTUOAp0Z4RhqOa9ifif10shvPQyJpIUqCCzRWHKLYitSRhWn0lKgI81wUQyfatFhlhiAjqysg7BmX95kbTrNeesV r89rzTqRRwldISOURU56AI10DVqohYi6BE9o1f0ZjwZL8a78TFrXTKKmQP0B8bnD/tVlgQ=</latexit>
=<latexit sha1_base64="SAxclQPCCCjZJ ixxgfv62v0S6hA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepFKHjx2IL9gDa UzXbSrt1swu5GKKG/wIsHRbz6k7z5b9y2OWjrCwsP78ywM2+QCK6N6347hY3Nre2d4m5p b//g8Kh8fNLWcaoYtlgsYtUNqEbBJbYMNwK7iUIaBQI7weRuXu88odI8lg9mmqAf0ZHk IWfUWKt5OyhX3Kq7EFkHL4cK5GoMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7 FmUNELtZ4tFZ+TCOkMSxso+acjC/T2R0UjraRTYzoiasV6tzc3/ar3UhDd+xmWSGpRs+ VGYCmJiMr+aDLlCZsTUAmWK210JG1NFmbHZlGwI3urJ69C+qnqWm9eVupvHUYQzOIdL8 KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/BHzucPh2WMrw==</latexit><latexit sha1_base64="SAxclQPCCCjZJ ixxgfv62v0S6hA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepFKHjx2IL9gDa UzXbSrt1swu5GKKG/wIsHRbz6k7z5b9y2OWjrCwsP78ywM2+QCK6N6347hY3Nre2d4m5p b//g8Kh8fNLWcaoYtlgsYtUNqEbBJbYMNwK7iUIaBQI7weRuXu88odI8lg9mmqAf0ZHk IWfUWKt5OyhX3Kq7EFkHL4cK5GoMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7 FmUNELtZ4tFZ+TCOkMSxso+acjC/T2R0UjraRTYzoiasV6tzc3/ar3UhDd+xmWSGpRs+ VGYCmJiMr+aDLlCZsTUAmWK210JG1NFmbHZlGwI3urJ69C+qnqWm9eVupvHUYQzOIdL8 KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/BHzucPh2WMrw==</latexit><latexit sha1_base64="SAxclQPCCCjZJ ixxgfv62v0S6hA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepFKHjx2IL9gDa UzXbSrt1swu5GKKG/wIsHRbz6k7z5b9y2OWjrCwsP78ywM2+QCK6N6347hY3Nre2d4m5p b//g8Kh8fNLWcaoYtlgsYtUNqEbBJbYMNwK7iUIaBQI7weRuXu88odI8lg9mmqAf0ZHk IWfUWKt5OyhX3Kq7EFkHL4cK5GoMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7 FmUNELtZ4tFZ+TCOkMSxso+acjC/T2R0UjraRTYzoiasV6tzc3/ar3UhDd+xmWSGpRs+ VGYCmJiMr+aDLlCZsTUAmWK210JG1NFmbHZlGwI3urJ69C+qnqWm9eVupvHUYQzOIdL8 KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/BHzucPh2WMrw==</latexit><latexit sha1_base64="SAxclQPCCCjZJ ixxgfv62v0S6hA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepFKHjx2IL9gDa UzXbSrt1swu5GKKG/wIsHRbz6k7z5b9y2OWjrCwsP78ywM2+QCK6N6347hY3Nre2d4m5p b//g8Kh8fNLWcaoYtlgsYtUNqEbBJbYMNwK7iUIaBQI7weRuXu88odI8lg9mmqAf0ZHk IWfUWKt5OyhX3Kq7EFkHL4cK5GoMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7 FmUNELtZ4tFZ+TCOkMSxso+acjC/T2R0UjraRTYzoiasV6tzc3/ar3UhDd+xmWSGpRs+ VGYCmJiMr+aDLlCZsTUAmWK210JG1NFmbHZlGwI3urJ69C+qnqWm9eVupvHUYQzOIdL8 KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/BHzucPh2WMrw==</latexit>yˆ(n)
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Figure 3. Schematic of the classification task of an un-
known quantum channel Φ(n) comprised of M displace-
ment operations paremetrized by an unknown vector α(n) =
{α(n)1 , · · · , α(n)M }. “homo” denotes a homodyne measurement.
(a) schematic of a classical SVM with separable probe states,
which obtain full noisy classical description α˜(n) about the
probed object and then feed it into a classical SVM algo-
rithm. (b) schematic of the entanglement-assisted SVM. Two
variational circuits Bˆ†(w) and Bˆ(w) are trained to gener-
ate the optimum entangled probe state and to preprocess the
quantum state for the optimum measurement. The classical
control algorithm uses the simultaneous perturbation stochas-
tic approximation (SPSA) method to update the settingw for
the variational circuits. (c)(d) illustration of the performance
contrast between the entanglement-assisted SVM and classi-
cal SVM in the parameter space. The labels ‘+’ and ‘-’ de-
notes the different classes of the channels. The blur is due to
measurement uncertainties. While the measurement uncer-
tainty renders classical SVM inaccurate, the entanglement-
assisted SVM remains intact.
5a unitary operation Bˆ†(w) comprised of beam splitters
and phase shifters [51], that acts on a resource squeezed
vacuum state bˆ1 with mean photon number NS to gen-
erate the entangled probe state. A second variational
circuit Bˆ(w) operates on the channel’s output entangled
probe state aˆ′n’s to generate a single mode bˆ′1 for detec-
tion. A single homodyne measurement on bˆ′1 yields out-
come fw
(
Φ(n)
)
. The intuition of such a design is that the
expectation value of fw
(
Φ(n)
)
equals the weighted sum
w · α(n) (see Appendix A for details), which is exactly
what Eq. 1 requires for SVM classification. Moreover,
the multipartite entanglement suppresses the measure-
ment uncertainties in analogy to the distributed sensing
scheme [38]. As such, a single measurement on the de-
tection mode suffices. In contrast, in the classical SVM
scheme, one needs to employ M single-mode squeezed
vacuum sources and M homodyne measurements to ob-
tain an estimation of the entire vector α(n). As such,
SLAEN significantly reduces the resource overhead while
boosting the performance.
Training stage.— Without loss of generality, we first
consider a binary classification problem. For a specific
variational circuit setting w, one generates a class label
for the object as yˆ(n) = sign
(
fw
(
Φ(n)
)
+ b
)
, where b
is tuned in classical post-processing. To train the varia-
tional circuits, N quantum channels Φ(n), each labeled as
y(n), are provided. The objective is to find the optimum
SVM parameters w?, b? to minimize the cost function
defined by
Eλ (w, b) =
N∑
n=1
|1− y(n)
(
fw
(
Φ(n)
)
+ b
)
|+ + λ‖w‖2.
(2)
Here, |x|+ equals x when x ≥ 0 and zero otherwise, and
‖·‖ is a usual two-norm. The term λ‖w‖2 avoids over fit-
ting. In this cost function, only the support vectors (SVs)
— points close to the hyperplane described by w and b
with y(n)
(
w ·α(n) + b) ≤ 1—non-trivially contribute to
the cost function. The rationale behind the form of the
cost function is that in a classification scenario errors
mainly occurs on the SVs, thus introducing the deviation
of all data points into the cost function is not ideal.
A typical method to minimize the cost function in-
volves the use of the stochastic gradient descent algo-
rithm [52, 53]. However, for a general quantum circuit,
an analytical form of the gradient is difficult to obtain
due to the complexity associated with the measurement
outcome fw
(
Φ(n)
)
. Moreover, direct numerical estimate
of the gradient requires a number of measurement-and-
prepare steps proportional to the length of w. To avoid
the inefficiency, we use the simultaneous perturbation
stochastic approximation (SPSA) method [54–56], which
only needs to evaluate two points to simultaneously up-
date the estimation of the function minimum and its
gradient. Also note that when the measurement term
fw
(
Φ(n)
)
has no noise, it is known that the cost func-
tion is convex in w, b [52, 53] and thus the optimization
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Figure 4. Training process and performance for SVM. Data
points with error bars: performance of the SVM; Horizontal
straight lines: the performance with the perfect hyperplane
wt given, with ± one standard deviation; Red plots: classi-
cal SVM; blue plots: entanglement-assisted SVM. Insets: the
scaling of the error probability of the optimum hyperplane
with respect to the mean photon number NS . (a) η = 1,
NS = 5, α0 = 2,M = 10. Number of data points N = 103,
 = 0.1. (b) η = 1, NS = 20, α0 = 2,M = 100. N = 104,
 = 0.1. (c) η = 0.9, NS = 1, α0 = 1.5,M = 3. N = 500.
 = 0.2. (d) η = 0.9, NS = 1, α0 = 2,M = 2. N = 500.
 = 0.2. In each training step, the channel is randomly cho-
sen from N data points and thus the total training steps can
be larger than N .
is efficient with guaranteed convergence. We thus expect
that the optimization will generally converge as the num-
ber of measurement increases, when noise is not too large.
With an updated w, the transmissivities and phase shifts
of the beam splitters in the two variational circuits are
adjusted prior to the next training round, until the last
training round yields w? and b?.
Utilization stage.— Having obtained the optimum vari-
ational circuits parameterized by w?, b? from training
based on channels Φ(n)’s and their associated class labels
y(n)’s, we can now perform entanglement-assisted clas-
sification on a new measurement outcome fw?(Φ(N+1))
from an unknown quantum channel Φ(N+1). To do so,
we use the hyperplane described by w?, b? to make a de-
cision
yˆ(N+1) = sign
(
fw?(Φ
(N+1)) + b?
)
. (3)
By virtue of the reduced measurement error with the mul-
tipartite entanglement, a single measurement is sufficient
for precise classification.
SVM simulations.— To compare the performance
of the entanglement-assisted SVM and classical SVM,
6we simulate the training process with N data points(
α(n), y(n)
)
, 1 ≤ n ≤ N . Each component α(n)m , 1 ≤
m ≤M of vector α(n) is randomly produced following a
uniform distribution in [−α0/2, α0/2]. A random plane
y = wt · α across the origin is subsequently generated,
and true labels by y(n) = sign
(
wt ·α(n)
)
are assigned to
each data point. To tune the difficulty of the problem,
we exclude points within distance  ≥ 0 to the hyper-
plane from the data set. Smaller  means the SVs are
closer to the hyperplane and thus the problem is more
difficult. In the simulation, the measurement outcome is
generated by Gaussian-distributed random numbers with
mean of w ·α(n) and variance given by Eqs. A2 and A3
in Appendix A for a symmetric case. Since the data
are randomly generated, equally distributing the mean
photon number of the squeezed state to different sensor
nodes is optimum on average, thus we do not perform the
costly optimization given by Eq. A3 for separable-state
sensing. The achieved entanglement-assisted enhance-
ment over the classical SVM scheme however holds for
the most general case. Fig. 3(c) and (d) provide a con-
ceptual illustration of the performance contrast between
entanglement-assisted SVM and classical SVM (see cap-
tion for details).
To choose a proper regularization parameter λ to avoid
over-fitting, we generate a test data set in the same way
as the training data set. Since the performance is near
identical for both data sets, we only show the train-
ing data result in the main plots of Fig. 4. The er-
ror probabilities of the SVM at different steps of the
training process are plotted in connected points. To
ensure convergence of the training process, we evalu-
ate the performance of a perfect classifier with assigned
surface y = wt · α in the horizontal solid lines. Due
to the measurement uncertainty, even the perfect classi-
fier suffers from a non-zero error probability. Both the
entanglement-assisted (blue) and classical (red) SVMs
converge, but the entanglement-assisted SVM enjoys an
appreciable error-probability advantage.
We now address the error-probability scaling with re-
spect to the resources, i.e., the number of sensors and
the mean photon number of the resource squeezed state,
employed in entanglement-assisted SVM. The ultimate
error probability is determined by the SVs -close to the
hyperplane. For a given data set, we plot the error prob-
ability versus the mean photon number in the inset of
Fig. 4. In the lossless cases, i.e., the transmissivity η = 1,
the insets of Fig. 4 (a)(b) plot the error-probability con-
trast between the entanglement-assisted SVM and clas-
sical SVM. The numerically computed error-probability
is remnant of the analytically-derived error-probability
scaling advantage for binary channel discrimination de-
picted in Fig. 8(b) in Appendix A.
In real applications, the minimum distance of the data
points to the hyperplane  scales with the data dimension,
i.e., the number of sensors. In the usual case, each sensor
measures a displacement of energy ∼ 20, thus the mini-
mum distance scales as  ' √M0. The analysis in Ap-
pendix A, which agrees well with the presented numerical
results, shows that for largeNS andM the error probabil-
ity PE for the entanglement-assisted scheme with homo-
dyne detection scales as PE ∼ exp
(−2NSM20), whereas
the classical SVM scheme has an error-probability scal-
ing of PS ∼ exp
(−4NS20). This translates to an ex-
ponential error-probability advantage with respect to
the data dimension, i.e., PE ∼ PM/2S . Such an enor-
mous performance enhancement over the classical SVM
scheme stems from the utilization of multipartite entan-
glement to directly extract a global feature of the object
in a single-shot measurement, in contrast to the classi-
cal SVM scheme’s need for individual measurements on
all local features. Note that in the entanglement-assisted
SVM and the classical SVM schemes, the number of pa-
rameters being optimized in w, b are the same. As such,
the enhancement is not due to an increase in the number
of fitting parameters.
In Fig. 4 (c)(d), we consider an entanglement-assisted
SVM with less mean photon number (NS = 1) and
number of sensors (M = 2, 3). We also include a
pure loss channel with transmissivity η = 0.9 after
each displacement unitary. These parameters represent
an entanglement-assisted SVM readily implementable in
a bulk-optics platform. Remarkably, despite the sat-
uration of the scaling advantage due to the presence
of loss, as shown in the inset plots of Fig. 4 (c)(d),
the entanglement-assisted SVM’s error-probability ad-
vantage survives the loss, demonstrating its tolerance to
experimental imperfections.
V. ENTANGLEMENT-ASSISTED
PHYSICAL-LAYER PRINCIPAL-COMPONENT
ANALYZER
Apart from entanglement-assisted physical-layer SVM,
SLAEN can also be leveraged to construct an
entanglement-assisted physical-layer PCA as a powerful
tool for dimensional reduction and quantum data com-
pression. Utilized in SVM, for example, PCA is particu-
larly useful for data dimension, i.e., the number of input
and output modes of Φ(n), reduction, so that the training
of the optimum hyperplane for high-dimensional channels
becomes viable (see Fig. 7). In a classical PCA scheme
shown in Fig. 5 (a), one needs to input separable probes
to measure all data components and obtain a noisy es-
timation α˜(n) ∈ RM of the unknown classical descrip-
tion α(n) ∈ RM of Φ(n). Given the estimated classical
description α˜(n) ∈ RM , a classical PCA algorithm iden-
tifies the principal components (PCs) stored in a vector
c(n) ∈ RMP with dimension MP  M through a linear
transform c(n) = T α˜(n), where T ∈ RMP×M . These PCs
are independent and form the large variance subspace of
the original data set.
To avoid the inefficient channel tomography, we train
a variational circuit to directly produce a reduced-
dimension channel Ψ(n) with MP input modes and MP
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<latexit sha1_base64 ="1+/WOUdkZrLACRP7YX8SBnoFx28=">AAAB8X icbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHghePF ewHtrFstpN26WYTdjdCCf0XXjwo4tV/481/47b NQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3 v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoE NgOxjezevsJleaxvDeTBP2IDiUPOaPGWg+9xog /ZlV5Pu2XK27NnYusgpdDBXI1+uWv3iBmaYTSME G17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5 xlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12b mf7VuasJrP+MySQ1KtvgoTAUxMZmdTwZcITNiY oEyxe2uhI2ooszYkEo2BG/55FVoXdQ8y3eXlbqb x1GEEziFKnhwBXW4hQY0gYGEZ3iFN0c7L86787F oLTj5zDH8kfP5A/EokF4=</latexit><latexit sha1_base64 ="1+/WOUdkZrLACRP7YX8SBnoFx28=">AAAB8X icbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHghePF ewHtrFstpN26WYTdjdCCf0XXjwo4tV/481/47b NQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3 v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoE NgOxjezevsJleaxvDeTBP2IDiUPOaPGWg+9xog /ZlV5Pu2XK27NnYusgpdDBXI1+uWv3iBmaYTSME G17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5 xlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12b mf7VuasJrP+MySQ1KtvgoTAUxMZmdTwZcITNiY oEyxe2uhI2ooszYkEo2BG/55FVoXdQ8y3eXlbqb x1GEEziFKnhwBXW4hQY0gYGEZ3iFN0c7L86787F oLTj5zDH8kfP5A/EokF4=</latexit><latexit sha1_base64 ="1+/WOUdkZrLACRP7YX8SBnoFx28=">AAAB8X icbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHghePF ewHtrFstpN26WYTdjdCCf0XXjwo4tV/481/47b NQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3 v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoE NgOxjezevsJleaxvDeTBP2IDiUPOaPGWg+9xog /ZlV5Pu2XK27NnYusgpdDBXI1+uWv3iBmaYTSME G17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5 xlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12b mf7VuasJrP+MySQ1KtvgoTAUxMZmdTwZcITNiY oEyxe2uhI2ooszYkEo2BG/55FVoXdQ8y3eXlbqb x1GEEziFKnhwBXW4hQY0gYGEZ3iFN0c7L86787F oLTj5zDH8kfP5A/EokF4=</latexit><latexit sha1_base64 ="1+/WOUdkZrLACRP7YX8SBnoFx28=">AAAB8X icbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHghePF ewHtrFstpN26WYTdjdCCf0XXjwo4tV/481/47b NQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3 v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoE NgOxjezevsJleaxvDeTBP2IDiUPOaPGWg+9xog /ZlV5Pu2XK27NnYusgpdDBXI1+uWv3iBmaYTSME G17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5 xlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12b mf7VuasJrP+MySQ1KtvgoTAUxMZmdTwZcITNiY oEyxe2uhI2ooszYkEo2BG/55FVoXdQ8y3eXlbqb x1GEEziFKnhwBXW4hQY0gYGEZ3iFN0c7L86787F oLTj5zDH8kfP5A/EokF4=</latexit>
Classical	control	 training	
Bˆ (T)
<latexit sha1_base64="gTQ7KGJZQYqa1UoOf4ebJmUnU2k=">AAACAni cbZDLSsNAFIYn9VbrLepK3AwWoW5KIoIuS924rNAbNKFMppN26GQSZk6EEoobX8WNC0Xc+hTufBunbRba+sPAx3/O4cz5g0RwDY7zbRXW1jc2t4rbpZ3dv f0D+/CoreNUUdaisYhVNyCaCS5ZCzgI1k0UI1EgWCcY387qnQemNI9lEyYJ8yMylDzklICx+vaJNyKQ1aeeYCFUvCDETU/x4Qgu+nbZqTpz4VVwcyijXI2 +/eUNYppGTAIVROue6yTgZ0QBp4JNS16qWULomAxZz6AkEdN+Nj9his+NM8BhrMyTgOfu74mMRFpPosB0RgRGerk2M/+r9VIIb/yMyyQFJuliUZgKDDGe5 YEHXDEKYmKAUMXNXzEdEUUomNRKJgR3+eRVaF9WXcP3V+VaPY+jiE7RGaogF12jGrpDDdRCFD2iZ/SK3qwn68V6tz4WrQUrnzlGf2R9/gCUtpbi</latex it><latexit sha1_base64="gTQ7KGJZQYqa1UoOf4ebJmUnU2k=">AAACAni cbZDLSsNAFIYn9VbrLepK3AwWoW5KIoIuS924rNAbNKFMppN26GQSZk6EEoobX8WNC0Xc+hTufBunbRba+sPAx3/O4cz5g0RwDY7zbRXW1jc2t4rbpZ3dv f0D+/CoreNUUdaisYhVNyCaCS5ZCzgI1k0UI1EgWCcY387qnQemNI9lEyYJ8yMylDzklICx+vaJNyKQ1aeeYCFUvCDETU/x4Qgu+nbZqTpz4VVwcyijXI2 +/eUNYppGTAIVROue6yTgZ0QBp4JNS16qWULomAxZz6AkEdN+Nj9his+NM8BhrMyTgOfu74mMRFpPosB0RgRGerk2M/+r9VIIb/yMyyQFJuliUZgKDDGe5 YEHXDEKYmKAUMXNXzEdEUUomNRKJgR3+eRVaF9WXcP3V+VaPY+jiE7RGaogF12jGrpDDdRCFD2iZ/SK3qwn68V6tz4WrQUrnzlGf2R9/gCUtpbi</latex it><latexit sha1_base64="gTQ7KGJZQYqa1UoOf4ebJmUnU2k=">AAACAni cbZDLSsNAFIYn9VbrLepK3AwWoW5KIoIuS924rNAbNKFMppN26GQSZk6EEoobX8WNC0Xc+hTufBunbRba+sPAx3/O4cz5g0RwDY7zbRXW1jc2t4rbpZ3dv f0D+/CoreNUUdaisYhVNyCaCS5ZCzgI1k0UI1EgWCcY387qnQemNI9lEyYJ8yMylDzklICx+vaJNyKQ1aeeYCFUvCDETU/x4Qgu+nbZqTpz4VVwcyijXI2 +/eUNYppGTAIVROue6yTgZ0QBp4JNS16qWULomAxZz6AkEdN+Nj9his+NM8BhrMyTgOfu74mMRFpPosB0RgRGerk2M/+r9VIIb/yMyyQFJuliUZgKDDGe5 YEHXDEKYmKAUMXNXzEdEUUomNRKJgR3+eRVaF9WXcP3V+VaPY+jiE7RGaogF12jGrpDDdRCFD2iZ/SK3qwn68V6tz4WrQUrnzlGf2R9/gCUtpbi</latex it><latexit sha1_base64="gTQ7KGJZQYqa1UoOf4ebJmUnU2k=">AAACAni cbZDLSsNAFIYn9VbrLepK3AwWoW5KIoIuS924rNAbNKFMppN26GQSZk6EEoobX8WNC0Xc+hTufBunbRba+sPAx3/O4cz5g0RwDY7zbRXW1jc2t4rbpZ3dv f0D+/CoreNUUdaisYhVNyCaCS5ZCzgI1k0UI1EgWCcY387qnQemNI9lEyYJ8yMylDzklICx+vaJNyKQ1aeeYCFUvCDETU/x4Qgu+nbZqTpz4VVwcyijXI2 +/eUNYppGTAIVROue6yTgZ0QBp4JNS16qWULomAxZz6AkEdN+Nj9his+NM8BhrMyTgOfu74mMRFpPosB0RgRGerk2M/+r9VIIb/yMyyQFJuliUZgKDDGe5 YEHXDEKYmKAUMXNXzEdEUUomNRKJgR3+eRVaF9WXcP3V+VaPY+jiE7RGaogF12jGrpDDdRCFD2iZ/SK3qwn68V6tz4WrQUrnzlGf2R9/gCUtpbi</latex it>
Bˆ† (T)
<latexit sha1_base64="6CWxKqrb7y/ EOozJp+f97NI8eqw=">AAACCnicbZC7SgNBFIZnvcZ4i1rajAYhNmFXBC1DbCwj5 AbZGGYnZzdDZi/MnBXCktrGV7GxUMTWJ7DzbZxcCk38YeDjP+dw5vxeIoVG2/62V lbX1jc2c1v57Z3dvf3CwWFTx6ni0OCxjFXbYxqkiKCBAiW0EwUs9CS0vOHNpN56A KVFHNVxlEA3ZEEkfMEZGqtXOHEHDLPq+N7tsyAA5UrwseR6Pq27SgQDPO8VinbZn oougzOHIpmr1it8uf2YpyFEyCXTuuPYCXYzplBwCeO8m2pIGB+yADoGIxaC7mbTU 8b0zDh96sfKvAjp1P09kbFQ61Homc6Q4UAv1ibmf7VOiv51NxNRkiJEfLbITyXFm E5yoX2hgKMcGWBcCfNXygdMMY4mvbwJwVk8eRmaF2XH8N1lsVKdx5Ejx+SUlIhDr kiF3JIaaRBOHskzeSVv1pP1Yr1bH7PWFWs+c0T+yPr8AdsqmlY=</latexit><latexit sha1_base64="6CWxKqrb7y/ EOozJp+f97NI8eqw=">AAACCnicbZC7SgNBFIZnvcZ4i1rajAYhNmFXBC1DbCwj5 AbZGGYnZzdDZi/MnBXCktrGV7GxUMTWJ7DzbZxcCk38YeDjP+dw5vxeIoVG2/62V lbX1jc2c1v57Z3dvf3CwWFTx6ni0OCxjFXbYxqkiKCBAiW0EwUs9CS0vOHNpN56A KVFHNVxlEA3ZEEkfMEZGqtXOHEHDLPq+N7tsyAA5UrwseR6Pq27SgQDPO8VinbZn oougzOHIpmr1it8uf2YpyFEyCXTuuPYCXYzplBwCeO8m2pIGB+yADoGIxaC7mbTU 8b0zDh96sfKvAjp1P09kbFQ61Homc6Q4UAv1ibmf7VOiv51NxNRkiJEfLbITyXFm E5yoX2hgKMcGWBcCfNXygdMMY4mvbwJwVk8eRmaF2XH8N1lsVKdx5Ejx+SUlIhDr kiF3JIaaRBOHskzeSVv1pP1Yr1bH7PWFWs+c0T+yPr8AdsqmlY=</latexit><latexit sha1_base64="6CWxKqrb7y/ EOozJp+f97NI8eqw=">AAACCnicbZC7SgNBFIZnvcZ4i1rajAYhNmFXBC1DbCwj5 AbZGGYnZzdDZi/MnBXCktrGV7GxUMTWJ7DzbZxcCk38YeDjP+dw5vxeIoVG2/62V lbX1jc2c1v57Z3dvf3CwWFTx6ni0OCxjFXbYxqkiKCBAiW0EwUs9CS0vOHNpN56A KVFHNVxlEA3ZEEkfMEZGqtXOHEHDLPq+N7tsyAA5UrwseR6Pq27SgQDPO8VinbZn oougzOHIpmr1it8uf2YpyFEyCXTuuPYCXYzplBwCeO8m2pIGB+yADoGIxaC7mbTU 8b0zDh96sfKvAjp1P09kbFQ61Homc6Q4UAv1ibmf7VOiv51NxNRkiJEfLbITyXFm E5yoX2hgKMcGWBcCfNXygdMMY4mvbwJwVk8eRmaF2XH8N1lsVKdx5Ejx+SUlIhDr kiF3JIaaRBOHskzeSVv1pP1Yr1bH7PWFWs+c0T+yPr8AdsqmlY=</latexit><latexit sha1_base64="6CWxKqrb7y/ EOozJp+f97NI8eqw=">AAACCnicbZC7SgNBFIZnvcZ4i1rajAYhNmFXBC1DbCwj5 AbZGGYnZzdDZi/MnBXCktrGV7GxUMTWJ7DzbZxcCk38YeDjP+dw5vxeIoVG2/62V lbX1jc2c1v57Z3dvf3CwWFTx6ni0OCxjFXbYxqkiKCBAiW0EwUs9CS0vOHNpN56A KVFHNVxlEA3ZEEkfMEZGqtXOHEHDLPq+N7tsyAA5UrwseR6Pq27SgQDPO8VinbZn oougzOHIpmr1it8uf2YpyFEyCXTuuPYCXYzplBwCeO8m2pIGB+yADoGIxaC7mbTU 8b0zDh96sfKvAjp1P09kbFQ61Homc6Q4UAv1ibmf7VOiv51NxNRkiJEfLbITyXFm E5yoX2hgKMcGWBcCfNXygdMMY4mvbwJwVk8eRmaF2XH8N1lsVKdx5Ejx+SUlIhDr kiF3JIaaRBOHskzeSVv1pP1Yr1bH7PWFWs+c0T+yPr8AdsqmlY=</latexit>bˆMP
<latexit sha1_base 64="+D/Wjua8AZYJxUbMwhG1YTywxoQ="> AAAB9HicbZBNS8NAEIYn9avWr6pHL8EieCq JFPRY8OJFqGA/oA1hs920SzebuDsplJDf4 cWDIl79Md78N27bHLT1hYWHd2aY2TdIBNfo ON9WaWNza3unvFvZ2z84PKoen3R0nCrK2j QWseoFRDPBJWsjR8F6iWIkCgTrBpPbeb07Z UrzWD7iLGFeREaSh5wSNJY3GBPMgtzP7v1 W7ldrTt1ZyF4Ht4AaFGr51a/BMKZpxCRSQb Tuu06CXkYUcipYXhmkmiWETsiI9Q1KEjHtZ Yujc/vCOEM7jJV5Eu2F+3siI5HWsygwnRH BsV6tzc3/av0Uwxsv4zJJkUm6XBSmwsbYni dgD7liFMXMAKGKm1ttOiaKUDQ5VUwI7uqX 16FzVXcNPzRqzUYRRxnO4BwuwYVraMIdtKA NFJ7gGV7hzZpaL9a79bFsLVnFzCn8kfX5A wXdkjQ=</latexit><latexit sha1_base 64="+D/Wjua8AZYJxUbMwhG1YTywxoQ="> AAAB9HicbZBNS8NAEIYn9avWr6pHL8EieCq JFPRY8OJFqGA/oA1hs920SzebuDsplJDf4 cWDIl79Md78N27bHLT1hYWHd2aY2TdIBNfo ON9WaWNza3unvFvZ2z84PKoen3R0nCrK2j QWseoFRDPBJWsjR8F6iWIkCgTrBpPbeb07Z UrzWD7iLGFeREaSh5wSNJY3GBPMgtzP7v1 W7ldrTt1ZyF4Ht4AaFGr51a/BMKZpxCRSQb Tuu06CXkYUcipYXhmkmiWETsiI9Q1KEjHtZ Yujc/vCOEM7jJV5Eu2F+3siI5HWsygwnRH BsV6tzc3/av0Uwxsv4zJJkUm6XBSmwsbYni dgD7liFMXMAKGKm1ttOiaKUDQ5VUwI7uqX 16FzVXcNPzRqzUYRRxnO4BwuwYVraMIdtKA NFJ7gGV7hzZpaL9a79bFsLVnFzCn8kfX5A wXdkjQ=</latexit><latexit sha1_base 64="+D/Wjua8AZYJxUbMwhG1YTywxoQ="> AAAB9HicbZBNS8NAEIYn9avWr6pHL8EieCq JFPRY8OJFqGA/oA1hs920SzebuDsplJDf4 cWDIl79Md78N27bHLT1hYWHd2aY2TdIBNfo ON9WaWNza3unvFvZ2z84PKoen3R0nCrK2j QWseoFRDPBJWsjR8F6iWIkCgTrBpPbeb07Z UrzWD7iLGFeREaSh5wSNJY3GBPMgtzP7v1 W7ldrTt1ZyF4Ht4AaFGr51a/BMKZpxCRSQb Tuu06CXkYUcipYXhmkmiWETsiI9Q1KEjHtZ Yujc/vCOEM7jJV5Eu2F+3siI5HWsygwnRH BsV6tzc3/av0Uwxsv4zJJkUm6XBSmwsbYni dgD7liFMXMAKGKm1ttOiaKUDQ5VUwI7uqX 16FzVXcNPzRqzUYRRxnO4BwuwYVraMIdtKA NFJ7gGV7hzZpaL9a79bFsLVnFzCn8kfX5A wXdkjQ=</latexit><latexit sha1_base 64="+D/Wjua8AZYJxUbMwhG1YTywxoQ="> AAAB9HicbZBNS8NAEIYn9avWr6pHL8EieCq JFPRY8OJFqGA/oA1hs920SzebuDsplJDf4 cWDIl79Md78N27bHLT1hYWHd2aY2TdIBNfo ON9WaWNza3unvFvZ2z84PKoen3R0nCrK2j QWseoFRDPBJWsjR8F6iWIkCgTrBpPbeb07Z UrzWD7iLGFeREaSh5wSNJY3GBPMgtzP7v1 W7ldrTt1ZyF4Ht4AaFGr51a/BMKZpxCRSQb Tuu06CXkYUcipYXhmkmiWETsiI9Q1KEjHtZ Yujc/vCOEM7jJV5Eu2F+3siI5HWsygwnRH BsV6tzc3/av0Uwxsv4zJJkUm6XBSmwsbYni dgD7liFMXMAKGKm1ttOiaKUDQ5VUwI7uqX 16FzVXcNPzRqzUYRRxnO4BwuwYVraMIdtKA NFJ7gGV7hzZpaL9a79bFsLVnFzCn8kfX5A wXdkjQ=</latexit>
bˆ0MP
<latexit sha1_base64="It/4CwZRPHnZjMYV2zbBvmMN8ko=">AAAB/XicbZDLSsNA FIYn9VbrLV52bgaL4KokUtBlwY0boYK9QBPDZDpth84kYeZEqCH4Km5cKOLW93Dn2zhts9DWHwY+/nMO58wfJoJrcJxvq7Syura+Ud6sbG3v7O7Z+wdtHaeKshaNRay6IdFM8I i1gINg3UQxIkPBOuH4alrvPDCleRzdwSRhviTDiA84JWCswD7yRgSyML/3EsUlC7KboJkHdtWpOTPhZXALqKJCzcD+8voxTSWLgAqidc91EvAzooBTwfKKl2qWEDomQ9YzGBHJ tJ/Nrs/xqXH6eBAr8yLAM/f3REak1hMZmk5JYKQXa1Pzv1ovhcGln/EoSYFFdL5okAoMMZ5GgftcMQpiYoBQxc2tmI6IIhRMYBUTgrv45WVon9dcw7f1aqNexFFGx+gEnSEXXa AGukZN1EIUPaJn9IrerCfrxXq3PuatJauYOUR/ZH3+AP1mlYI=</latexit><latexit sha1_base64="It/4CwZRPHnZjMYV2zbBvmMN8ko=">AAAB/XicbZDLSsNA FIYn9VbrLV52bgaL4KokUtBlwY0boYK9QBPDZDpth84kYeZEqCH4Km5cKOLW93Dn2zhts9DWHwY+/nMO58wfJoJrcJxvq7Syura+Ud6sbG3v7O7Z+wdtHaeKshaNRay6IdFM8I i1gINg3UQxIkPBOuH4alrvPDCleRzdwSRhviTDiA84JWCswD7yRgSyML/3EsUlC7KboJkHdtWpOTPhZXALqKJCzcD+8voxTSWLgAqidc91EvAzooBTwfKKl2qWEDomQ9YzGBHJ tJ/Nrs/xqXH6eBAr8yLAM/f3REak1hMZmk5JYKQXa1Pzv1ovhcGln/EoSYFFdL5okAoMMZ5GgftcMQpiYoBQxc2tmI6IIhRMYBUTgrv45WVon9dcw7f1aqNexFFGx+gEnSEXXa AGukZN1EIUPaJn9IrerCfrxXq3PuatJauYOUR/ZH3+AP1mlYI=</latexit><latexit sha1_base64="It/4CwZRPHnZjMYV2zbBvmMN8ko=">AAAB/XicbZDLSsNA FIYn9VbrLV52bgaL4KokUtBlwY0boYK9QBPDZDpth84kYeZEqCH4Km5cKOLW93Dn2zhts9DWHwY+/nMO58wfJoJrcJxvq7Syura+Ud6sbG3v7O7Z+wdtHaeKshaNRay6IdFM8I i1gINg3UQxIkPBOuH4alrvPDCleRzdwSRhviTDiA84JWCswD7yRgSyML/3EsUlC7KboJkHdtWpOTPhZXALqKJCzcD+8voxTSWLgAqidc91EvAzooBTwfKKl2qWEDomQ9YzGBHJ tJ/Nrs/xqXH6eBAr8yLAM/f3REak1hMZmk5JYKQXa1Pzv1ovhcGln/EoSYFFdL5okAoMMZ5GgftcMQpiYoBQxc2tmI6IIhRMYBUTgrv45WVon9dcw7f1aqNexFFGx+gEnSEXXa AGukZN1EIUPaJn9IrerCfrxXq3PuatJauYOUR/ZH3+AP1mlYI=</latexit><latexit sha1_base64="It/4CwZRPHnZjMYV2zbBvmMN8ko=">AAAB/XicbZDLSsNA FIYn9VbrLV52bgaL4KokUtBlwY0boYK9QBPDZDpth84kYeZEqCH4Km5cKOLW93Dn2zhts9DWHwY+/nMO58wfJoJrcJxvq7Syura+Ud6sbG3v7O7Z+wdtHaeKshaNRay6IdFM8I i1gINg3UQxIkPBOuH4alrvPDCleRzdwSRhviTDiA84JWCswD7yRgSyML/3EsUlC7KboJkHdtWpOTPhZXALqKJCzcD+8voxTSWLgAqidc91EvAzooBTwfKKl2qWEDomQ9YzGBHJ tJ/Nrs/xqXH6eBAr8yLAM/f3REak1hMZmk5JYKQXa1Pzv1ovhcGln/EoSYFFdL5okAoMMZ5GgftcMQpiYoBQxc2tmI6IIhRMYBUTgrv45WVon9dcw7f1aqNexFFGx+gEnSEXXa AGukZN1EIUPaJn9IrerCfrxXq3PuatJauYOUR/ZH3+AP1mlYI=</latexit>
	
	
	
	
Uˆ(↵(n)m )
<latexit sha1_base64="0nxLkt ak2bc+isOvP4JzciZKyMA=">AAACAHicbZDNSsNAFIUn9a/Wv6gLF26C RWg3JRFBlwU3LiuYttDEcDOdtEMnkzAzEUrIxldx40IRtz6GO9/GaZuF th4Y+Dj3Xu7cE6aMSmXb30ZlbX1jc6u6XdvZ3ds/MA+PujLJBCYuTlgi +iFIwignrqKKkX4qCMQhI71wcjOr9x6JkDTh92qaEj+GEacRxaC0FZgn 3hhU7hYND1g6hiB+yBu8WTQDs2637LmsVXBKqKNSncD88oYJzmLCFWYg 5cCxU+XnIBTFjBQ1L5MkBTyBERlo5BAT6efzAwrrXDtDK0qEflxZc/f3 RA6xlNM41J0xqLFcrs3M/2qDTEXXfk55minC8WJRlDFLJdYsDWtIBcGK TTUAFlT/1cJjEICVzqymQ3CWT16F7kXL0Xx3WW/bZRxVdIrOUAM56Aq1 0S3qIBdhVKBn9IrejCfjxXg3PhatFaOcOUZ/ZHz+AAyTlfk=</latexi t><latexit sha1_base64="0nxLkt ak2bc+isOvP4JzciZKyMA=">AAACAHicbZDNSsNAFIUn9a/Wv6gLF26C RWg3JRFBlwU3LiuYttDEcDOdtEMnkzAzEUrIxldx40IRtz6GO9/GaZuF th4Y+Dj3Xu7cE6aMSmXb30ZlbX1jc6u6XdvZ3ds/MA+PujLJBCYuTlgi +iFIwignrqKKkX4qCMQhI71wcjOr9x6JkDTh92qaEj+GEacRxaC0FZgn 3hhU7hYND1g6hiB+yBu8WTQDs2637LmsVXBKqKNSncD88oYJzmLCFWYg 5cCxU+XnIBTFjBQ1L5MkBTyBERlo5BAT6efzAwrrXDtDK0qEflxZc/f3 RA6xlNM41J0xqLFcrs3M/2qDTEXXfk55minC8WJRlDFLJdYsDWtIBcGK TTUAFlT/1cJjEICVzqymQ3CWT16F7kXL0Xx3WW/bZRxVdIrOUAM56Aq1 0S3qIBdhVKBn9IrejCfjxXg3PhatFaOcOUZ/ZHz+AAyTlfk=</latexi t><latexit sha1_base64="0nxLkt ak2bc+isOvP4JzciZKyMA=">AAACAHicbZDNSsNAFIUn9a/Wv6gLF26C RWg3JRFBlwU3LiuYttDEcDOdtEMnkzAzEUrIxldx40IRtz6GO9/GaZuF th4Y+Dj3Xu7cE6aMSmXb30ZlbX1jc6u6XdvZ3ds/MA+PujLJBCYuTlgi +iFIwignrqKKkX4qCMQhI71wcjOr9x6JkDTh92qaEj+GEacRxaC0FZgn 3hhU7hYND1g6hiB+yBu8WTQDs2637LmsVXBKqKNSncD88oYJzmLCFWYg 5cCxU+XnIBTFjBQ1L5MkBTyBERlo5BAT6efzAwrrXDtDK0qEflxZc/f3 RA6xlNM41J0xqLFcrs3M/2qDTEXXfk55minC8WJRlDFLJdYsDWtIBcGK TTUAFlT/1cJjEICVzqymQ3CWT16F7kXL0Xx3WW/bZRxVdIrOUAM56Aq1 0S3qIBdhVKBn9IrejCfjxXg3PhatFaOcOUZ/ZHz+AAyTlfk=</latexi t><latexit sha1_base64="0nxLkt ak2bc+isOvP4JzciZKyMA=">AAACAHicbZDNSsNAFIUn9a/Wv6gLF26C RWg3JRFBlwU3LiuYttDEcDOdtEMnkzAzEUrIxldx40IRtz6GO9/GaZuF th4Y+Dj3Xu7cE6aMSmXb30ZlbX1jc6u6XdvZ3ds/MA+PujLJBCYuTlgi +iFIwignrqKKkX4qCMQhI71wcjOr9x6JkDTh92qaEj+GEacRxaC0FZgn 3hhU7hYND1g6hiB+yBu8WTQDs2637LmsVXBKqKNSncD88oYJzmLCFWYg 5cCxU+XnIBTFjBQ1L5MkBTyBERlo5BAT6efzAwrrXDtDK0qEflxZc/f3 RA6xlNM41J0xqLFcrs3M/2qDTEXXfk55minC8WJRlDFLJdYsDWtIBcGK TTUAFlT/1cJjEICVzqymQ3CWT16F7kXL0Xx3WW/bZRxVdIrOUAM56Aq1 0S3qIBdhVKBn9IrejCfjxXg3PhatFaOcOUZ/ZHz+AAyTlfk=</latexi t>
aˆMP
<latexit sha1_base64="euRB0aY5vDC +SLnNC8cb8X1phG8=">AAAB9HicbZBNS8NAEIYn9avWr6pHL8EieCqJFPRY8OJFq GA/oA1hst20SzebuLsplJDf4cWDIl79Md78N27bHLT1hYWHd2aY2TdIOFPacb6t0 sbm1vZOebeyt39weFQ9PumoOJWEtknMY9kLUFHOBG1rpjntJZJiFHDaDSa383p3S qVisXjUs4R6EY4ECxlBbSxvMEadYe5n934r96s1p+4sZK+DW0ANCrX86tdgGJM0o kITjkr1XSfRXoZSM8JpXhmkiiZIJjiifYMCI6q8bHF0bl8YZ2iHsTRPaHvh/p7IM FJqFgWmM0I9Vqu1uflfrZ/q8MbLmEhSTQVZLgpTbuvYnidgD5mkRPOZASSSmVttM kaJRJucKiYEd/XL69C5qruGHxq1ZqOIowxncA6X4MI1NOEOWtAGAk/wDK/wZk2tF +vd+li2lqxi5hT+yPr8AQRSkjM=</latexit><latexit sha1_base64="euRB0aY5vDC +SLnNC8cb8X1phG8=">AAAB9HicbZBNS8NAEIYn9avWr6pHL8EieCqJFPRY8OJFq GA/oA1hst20SzebuLsplJDf4cWDIl79Md78N27bHLT1hYWHd2aY2TdIOFPacb6t0 sbm1vZOebeyt39weFQ9PumoOJWEtknMY9kLUFHOBG1rpjntJZJiFHDaDSa383p3S qVisXjUs4R6EY4ECxlBbSxvMEadYe5n934r96s1p+4sZK+DW0ANCrX86tdgGJM0o kITjkr1XSfRXoZSM8JpXhmkiiZIJjiifYMCI6q8bHF0bl8YZ2iHsTRPaHvh/p7IM FJqFgWmM0I9Vqu1uflfrZ/q8MbLmEhSTQVZLgpTbuvYnidgD5mkRPOZASSSmVttM kaJRJucKiYEd/XL69C5qruGHxq1ZqOIowxncA6X4MI1NOEOWtAGAk/wDK/wZk2tF +vd+li2lqxi5hT+yPr8AQRSkjM=</latexit><latexit sha1_base64="euRB0aY5vDC +SLnNC8cb8X1phG8=">AAAB9HicbZBNS8NAEIYn9avWr6pHL8EieCqJFPRY8OJFq GA/oA1hst20SzebuLsplJDf4cWDIl79Md78N27bHLT1hYWHd2aY2TdIOFPacb6t0 sbm1vZOebeyt39weFQ9PumoOJWEtknMY9kLUFHOBG1rpjntJZJiFHDaDSa383p3S qVisXjUs4R6EY4ECxlBbSxvMEadYe5n934r96s1p+4sZK+DW0ANCrX86tdgGJM0o kITjkr1XSfRXoZSM8JpXhmkiiZIJjiifYMCI6q8bHF0bl8YZ2iHsTRPaHvh/p7IM FJqFgWmM0I9Vqu1uflfrZ/q8MbLmEhSTQVZLgpTbuvYnidgD5mkRPOZASSSmVttM kaJRJucKiYEd/XL69C5qruGHxq1ZqOIowxncA6X4MI1NOEOWtAGAk/wDK/wZk2tF +vd+li2lqxi5hT+yPr8AQRSkjM=</latexit><latexit sha1_base64="euRB0aY5vDC +SLnNC8cb8X1phG8=">AAAB9HicbZBNS8NAEIYn9avWr6pHL8EieCqJFPRY8OJFq GA/oA1hst20SzebuLsplJDf4cWDIl79Md78N27bHLT1hYWHd2aY2TdIOFPacb6t0 sbm1vZOebeyt39weFQ9PumoOJWEtknMY9kLUFHOBG1rpjntJZJiFHDaDSa383p3S qVisXjUs4R6EY4ECxlBbSxvMEadYe5n934r96s1p+4sZK+DW0ANCrX86tdgGJM0o kITjkr1XSfRXoZSM8JpXhmkiiZIJjiifYMCI6q8bHF0bl8YZ2iHsTRPaHvh/p7IM FJqFgWmM0I9Vqu1uflfrZ/q8MbLmEhSTQVZLgpTbuvYnidgD5mkRPOZASSSmVttM kaJRJucKiYEd/XL69C5qruGHxq1ZqOIowxncA6X4MI1NOEOWtAGAk/wDK/wZk2tF +vd+li2lqxi5hT+yPr8AQRSkjM=</latexit>
aˆ0MP
<latexit sha1_base64="E1SrymMpUEnML eheMcUjnEHWv7A=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4KokUtBlwY0boYK9QBPDZ Dpth84kYeZEqCH4Km5cKOLW93Dn2zhts9DWHwY+/nMO58wfJoJrcJxvq7Syura+Ud6sbG 3v7O7Z+wdtHaeKshaNRay6IdFM8Ii1gINg3UQxIkPBOuH4alrvPDCleRzdwSRhviTDiA84 JWCswD7yRgQykt97ieKSBdlN0MwDu+rUnJnwMrgFVFGhZmB/ef2YppJFQAXRuuc6CfgZU cCpYHnFSzVLCB2TIesZjIhk2s9m1+f41Dh9PIiVeRHgmft7IiNS64kMTackMNKLtan5X6 2XwuDSz3iUpMAiOl80SAWGGE+jwH2uGAUxMUCo4uZWTEdEEQomsIoJwV388jK0z2uu4dt6 tVEv4iijY3SCzpCLLlADXaMmaiGKHtEzekVv1pP1Yr1bH/PWklXMHKI/sj5/APvUlYE=< /latexit><latexit sha1_base64="E1SrymMpUEnML eheMcUjnEHWv7A=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4KokUtBlwY0boYK9QBPDZ Dpth84kYeZEqCH4Km5cKOLW93Dn2zhts9DWHwY+/nMO58wfJoJrcJxvq7Syura+Ud6sbG 3v7O7Z+wdtHaeKshaNRay6IdFM8Ii1gINg3UQxIkPBOuH4alrvPDCleRzdwSRhviTDiA84 JWCswD7yRgQykt97ieKSBdlN0MwDu+rUnJnwMrgFVFGhZmB/ef2YppJFQAXRuuc6CfgZU cCpYHnFSzVLCB2TIesZjIhk2s9m1+f41Dh9PIiVeRHgmft7IiNS64kMTackMNKLtan5X6 2XwuDSz3iUpMAiOl80SAWGGE+jwH2uGAUxMUCo4uZWTEdEEQomsIoJwV388jK0z2uu4dt6 tVEv4iijY3SCzpCLLlADXaMmaiGKHtEzekVv1pP1Yr1bH/PWklXMHKI/sj5/APvUlYE=< /latexit><latexit sha1_base64="E1SrymMpUEnML eheMcUjnEHWv7A=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4KokUtBlwY0boYK9QBPDZ Dpth84kYeZEqCH4Km5cKOLW93Dn2zhts9DWHwY+/nMO58wfJoJrcJxvq7Syura+Ud6sbG 3v7O7Z+wdtHaeKshaNRay6IdFM8Ii1gINg3UQxIkPBOuH4alrvPDCleRzdwSRhviTDiA84 JWCswD7yRgQykt97ieKSBdlN0MwDu+rUnJnwMrgFVFGhZmB/ef2YppJFQAXRuuc6CfgZU cCpYHnFSzVLCB2TIesZjIhk2s9m1+f41Dh9PIiVeRHgmft7IiNS64kMTackMNKLtan5X6 2XwuDSz3iUpMAiOl80SAWGGE+jwH2uGAUxMUCo4uZWTEdEEQomsIoJwV388jK0z2uu4dt6 tVEv4iijY3SCzpCLLlADXaMmaiGKHtEzekVv1pP1Yr1bH/PWklXMHKI/sj5/APvUlYE=< /latexit><latexit sha1_base64="E1SrymMpUEnML eheMcUjnEHWv7A=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4KokUtBlwY0boYK9QBPDZ Dpth84kYeZEqCH4Km5cKOLW93Dn2zhts9DWHwY+/nMO58wfJoJrcJxvq7Syura+Ud6sbG 3v7O7Z+wdtHaeKshaNRay6IdFM8Ii1gINg3UQxIkPBOuH4alrvPDCleRzdwSRhviTDiA84 JWCswD7yRgQykt97ieKSBdlN0MwDu+rUnJnwMrgFVFGhZmB/ef2YppJFQAXRuuc6CfgZU cCpYHnFSzVLCB2TIesZjIhk2s9m1+f41Dh9PIiVeRHgmft7IiNS64kMTackMNKLtan5X6 2XwuDSz3iUpMAiOl80SAWGGE+jwH2uGAUxMUCo4uZWTEdEEQomsIoJwV388jK0z2uu4dt6 tVEv4iijY3SCzpCLLlADXaMmaiGKHtEzekVv1pP1Yr1bH/PWklXMHKI/sj5/APvUlYE=< /latexit>
aˆ0m
<latexit sha1_base64="8shw4ZjOXCwA 1g38kFPTjaHNY5U=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFcFUSKeiy4MZlBXuBJ obJdNIOnUnCzEQsIa/ixoUibn0Rd76N0zYLbf1h4OM/53DO/GHKmdKO821VNja3tneq u7W9/YPDI/u43lNJJgntkoQnchBiRTmLaVczzekglRSLkNN+OL2Z1/uPVCqWxPd6llJ f4HHMIkawNlZg170J1jkuHrxUMkGDXBSB3XCazkJoHdwSGlCqE9hf3ighmaCxJhwrN XSdVPs5lpoRToualymaYjLFYzo0GGNBlZ8vbi/QuXFGKEqkebFGC/f3RI6FUjMRmk6B 9USt1ubmf7VhpqNrP2dxmmkak+WiKONIJ2geBBoxSYnmMwOYSGZuRWSCJSbaxFUzIbi rX16H3mXTNXzXarRbZRxVOIUzuAAXrqANt9CBLhB4gmd4hTersF6sd+tj2VqxypkT+C Pr8wfJ75Te</latexit><latexit sha1_base64="8shw4ZjOXCwA 1g38kFPTjaHNY5U=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFcFUSKeiy4MZlBXuBJ obJdNIOnUnCzEQsIa/ixoUibn0Rd76N0zYLbf1h4OM/53DO/GHKmdKO821VNja3tneq u7W9/YPDI/u43lNJJgntkoQnchBiRTmLaVczzekglRSLkNN+OL2Z1/uPVCqWxPd6llJ f4HHMIkawNlZg170J1jkuHrxUMkGDXBSB3XCazkJoHdwSGlCqE9hf3ighmaCxJhwrN XSdVPs5lpoRToualymaYjLFYzo0GGNBlZ8vbi/QuXFGKEqkebFGC/f3RI6FUjMRmk6B 9USt1ubmf7VhpqNrP2dxmmkak+WiKONIJ2geBBoxSYnmMwOYSGZuRWSCJSbaxFUzIbi rX16H3mXTNXzXarRbZRxVOIUzuAAXrqANt9CBLhB4gmd4hTersF6sd+tj2VqxypkT+C Pr8wfJ75Te</latexit><latexit sha1_base64="8shw4ZjOXCwA 1g38kFPTjaHNY5U=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFcFUSKeiy4MZlBXuBJ obJdNIOnUnCzEQsIa/ixoUibn0Rd76N0zYLbf1h4OM/53DO/GHKmdKO821VNja3tneq u7W9/YPDI/u43lNJJgntkoQnchBiRTmLaVczzekglRSLkNN+OL2Z1/uPVCqWxPd6llJ f4HHMIkawNlZg170J1jkuHrxUMkGDXBSB3XCazkJoHdwSGlCqE9hf3ighmaCxJhwrN XSdVPs5lpoRToualymaYjLFYzo0GGNBlZ8vbi/QuXFGKEqkebFGC/f3RI6FUjMRmk6B 9USt1ubmf7VhpqNrP2dxmmkak+WiKONIJ2geBBoxSYnmMwOYSGZuRWSCJSbaxFUzIbi rX16H3mXTNXzXarRbZRxVOIUzuAAXrqANt9CBLhB4gmd4hTersF6sd+tj2VqxypkT+C Pr8wfJ75Te</latexit><latexit sha1_base64="8shw4ZjOXCwA 1g38kFPTjaHNY5U=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFcFUSKeiy4MZlBXuBJ obJdNIOnUnCzEQsIa/ixoUibn0Rd76N0zYLbf1h4OM/53DO/GHKmdKO821VNja3tneq u7W9/YPDI/u43lNJJgntkoQnchBiRTmLaVczzekglRSLkNN+OL2Z1/uPVCqWxPd6llJ f4HHMIkawNlZg170J1jkuHrxUMkGDXBSB3XCazkJoHdwSGlCqE9hf3ighmaCxJhwrN XSdVPs5lpoRToualymaYjLFYzo0GGNBlZ8vbi/QuXFGKEqkebFGC/f3RI6FUjMRmk6B 9USt1ubmf7VhpqNrP2dxmmkak+WiKONIJ2geBBoxSYnmMwOYSGZuRWSCJSbaxFUzIbi rX16H3mXTNXzXarRbZRxVOIUzuAAXrqANt9CBLhB4gmd4hTersF6sd+tj2VqxypkT+C Pr8wfJ75Te</latexit>
aˆm
<latexit sha1_base64="43oGlPF NYCSKo91wjjsDs2VEDNA=">AAAB8nicbZDLSsNAFIYn9VbrrerSzWARXJV EBF0W3LisYC+QhjKZTtqhcwkzJ0IJeQw3LhRx69O4822ctllo6w8DH/85h znnj1PBLfj+t1fZ2Nza3qnu1vb2Dw6P6scnXaszQ1mHaqFNPyaWCa5YBzg I1k8NIzIWrBdP7+b13hMzlmv1CLOURZKMFU84JeCscDAhkJNimMtiWG/4T X8hvA5BCQ1Uqj2sfw1GmmaSKaCCWBsGfgpRTgxwKlhRG2SWpYROyZiFDhW RzEb5YuUCXzhnhBNt3FOAF+7viZxIa2cydp2SwMSu1ubmf7Uwg+Q2yrlKM 2CKLj9KMoFB4/n9eMQNoyBmDgg13O2K6YQYQsGlVHMhBKsnr0P3qhk4frh utK7LOKroDJ2jSxSgG9RC96iNOogijZ7RK3rzwHvx3r2PZWvFK2dO0R95n z/YZpGQ</latexit><latexit sha1_base64="43oGlPF NYCSKo91wjjsDs2VEDNA=">AAAB8nicbZDLSsNAFIYn9VbrrerSzWARXJV EBF0W3LisYC+QhjKZTtqhcwkzJ0IJeQw3LhRx69O4822ctllo6w8DH/85h znnj1PBLfj+t1fZ2Nza3qnu1vb2Dw6P6scnXaszQ1mHaqFNPyaWCa5YBzg I1k8NIzIWrBdP7+b13hMzlmv1CLOURZKMFU84JeCscDAhkJNimMtiWG/4T X8hvA5BCQ1Uqj2sfw1GmmaSKaCCWBsGfgpRTgxwKlhRG2SWpYROyZiFDhW RzEb5YuUCXzhnhBNt3FOAF+7viZxIa2cydp2SwMSu1ubmf7Uwg+Q2yrlKM 2CKLj9KMoFB4/n9eMQNoyBmDgg13O2K6YQYQsGlVHMhBKsnr0P3qhk4frh utK7LOKroDJ2jSxSgG9RC96iNOogijZ7RK3rzwHvx3r2PZWvFK2dO0R95n z/YZpGQ</latexit><latexit sha1_base64="43oGlPF NYCSKo91wjjsDs2VEDNA=">AAAB8nicbZDLSsNAFIYn9VbrrerSzWARXJV EBF0W3LisYC+QhjKZTtqhcwkzJ0IJeQw3LhRx69O4822ctllo6w8DH/85h znnj1PBLfj+t1fZ2Nza3qnu1vb2Dw6P6scnXaszQ1mHaqFNPyaWCa5YBzg I1k8NIzIWrBdP7+b13hMzlmv1CLOURZKMFU84JeCscDAhkJNimMtiWG/4T X8hvA5BCQ1Uqj2sfw1GmmaSKaCCWBsGfgpRTgxwKlhRG2SWpYROyZiFDhW RzEb5YuUCXzhnhBNt3FOAF+7viZxIa2cydp2SwMSu1ubmf7Uwg+Q2yrlKM 2CKLj9KMoFB4/n9eMQNoyBmDgg13O2K6YQYQsGlVHMhBKsnr0P3qhk4frh utK7LOKroDJ2jSxSgG9RC96iNOogijZ7RK3rzwHvx3r2PZWvFK2dO0R95n z/YZpGQ</latexit><latexit sha1_base64="43oGlPF NYCSKo91wjjsDs2VEDNA=">AAAB8nicbZDLSsNAFIYn9VbrrerSzWARXJV EBF0W3LisYC+QhjKZTtqhcwkzJ0IJeQw3LhRx69O4822ctllo6w8DH/85h znnj1PBLfj+t1fZ2Nza3qnu1vb2Dw6P6scnXaszQ1mHaqFNPyaWCa5YBzg I1k8NIzIWrBdP7+b13hMzlmv1CLOURZKMFU84JeCscDAhkJNimMtiWG/4T X8hvA5BCQ1Uqj2sfw1GmmaSKaCCWBsGfgpRTgxwKlhRG2SWpYROyZiFDhW RzEb5YuUCXzhnhBNt3FOAF+7viZxIa2cydp2SwMSu1ubmf7Uwg+Q2yrlKM 2CKLj9KMoFB4/n9eMQNoyBmDgg13O2K6YQYQsGlVHMhBKsnr0P3qhk4frh utK7LOKroDJ2jSxSgG9RC96iNOogijZ7RK3rzwHvx3r2PZWvFK2dO0R95n z/YZpGQ</latexit>
bˆm
<latexit sha1_b ase64="aTqh3JdvB4GdgFxL0xq0FW w5a20=">AAAB8nicbZDLSsNAFIYn9V brrerSzWARXJVEBF0W3LisYC+QhjK ZTtqhcwkzJ0IJeQw3LhRx69O4822c tllo6w8DH/85hznnj1PBLfj+t1fZ2 Nza3qnu1vb2Dw6P6scnXaszQ1mHaqF NPyaWCa5YBzgI1k8NIzIWrBdP7+b1 3hMzlmv1CLOURZKMFU84JeCscDAhk MfFMJfFsN7wm/5CeB2CEhqoVHtY/x qMNM0kU0AFsTYM/BSinBjgVLCiNsg sSwmdkjELHSoimY3yxcoFvnDOCCfau KcAL9zfEzmR1s5k7DolgYldrc3N/2 phBsltlHOVZsAUXX6UZAKDxvP78Yg bRkHMHBBquNsV0wkxhIJLqeZCCFZP XofuVTNw/HDdaF2XcVTRGTpHlyhAN6 iF7lEbdRBFGj2jV/TmgffivXsfy9a KV86coj/yPn8A2e+RkQ==</latexi t><latexit sha1_b ase64="aTqh3JdvB4GdgFxL0xq0FW w5a20=">AAAB8nicbZDLSsNAFIYn9V brrerSzWARXJVEBF0W3LisYC+QhjK ZTtqhcwkzJ0IJeQw3LhRx69O4822c tllo6w8DH/85hznnj1PBLfj+t1fZ2 Nza3qnu1vb2Dw6P6scnXaszQ1mHaqF NPyaWCa5YBzgI1k8NIzIWrBdP7+b1 3hMzlmv1CLOURZKMFU84JeCscDAhk MfFMJfFsN7wm/5CeB2CEhqoVHtY/x qMNM0kU0AFsTYM/BSinBjgVLCiNsg sSwmdkjELHSoimY3yxcoFvnDOCCfau KcAL9zfEzmR1s5k7DolgYldrc3N/2 phBsltlHOVZsAUXX6UZAKDxvP78Yg bRkHMHBBquNsV0wkxhIJLqeZCCFZP XofuVTNw/HDdaF2XcVTRGTpHlyhAN6 iF7lEbdRBFGj2jV/TmgffivXsfy9a KV86coj/yPn8A2e+RkQ==</latexi t><latexit sha1_b ase64="aTqh3JdvB4GdgFxL0xq0FW w5a20=">AAAB8nicbZDLSsNAFIYn9V brrerSzWARXJVEBF0W3LisYC+QhjK ZTtqhcwkzJ0IJeQw3LhRx69O4822c tllo6w8DH/85hznnj1PBLfj+t1fZ2 Nza3qnu1vb2Dw6P6scnXaszQ1mHaqF NPyaWCa5YBzgI1k8NIzIWrBdP7+b1 3hMzlmv1CLOURZKMFU84JeCscDAhk MfFMJfFsN7wm/5CeB2CEhqoVHtY/x qMNM0kU0AFsTYM/BSinBjgVLCiNsg sSwmdkjELHSoimY3yxcoFvnDOCCfau KcAL9zfEzmR1s5k7DolgYldrc3N/2 phBsltlHOVZsAUXX6UZAKDxvP78Yg bRkHMHBBquNsV0wkxhIJLqeZCCFZP XofuVTNw/HDdaF2XcVTRGTpHlyhAN6 iF7lEbdRBFGj2jV/TmgffivXsfy9a KV86coj/yPn8A2e+RkQ==</latexi t><latexit sha1_b ase64="aTqh3JdvB4GdgFxL0xq0FW w5a20=">AAAB8nicbZDLSsNAFIYn9V brrerSzWARXJVEBF0W3LisYC+QhjK ZTtqhcwkzJ0IJeQw3LhRx69O4822c tllo6w8DH/85hznnj1PBLfj+t1fZ2 Nza3qnu1vb2Dw6P6scnXaszQ1mHaqF NPyaWCa5YBzgI1k8NIzIWrBdP7+b1 3hMzlmv1CLOURZKMFU84JeCscDAhk MfFMJfFsN7wm/5CeB2CEhqoVHtY/x qMNM0kU0AFsTYM/BSinBjgVLCiNsg sSwmdkjELHSoimY3yxcoFvnDOCCfau KcAL9zfEzmR1s5k7DolgYldrc3N/2 phBsltlHOVZsAUXX6UZAKDxvP78Yg bRkHMHBBquNsV0wkxhIJLqeZCCFZP XofuVTNw/HDdaF2XcVTRGTpHlyhAN6 iF7lEbdRBFGj2jV/TmgffivXsfy9a KV86coj/yPn8A2e+RkQ==</latexi t>
bˆ0m
<latexit sha1_base64="qleO7vQq+9sVKXk3kpW5uBRldro=">AAAB+3icbZ DLSsNAFIZP6q3WW6xLN4NFcFUSKeiy4MZlBXuBJobJdNIOnUnCzEQsIa/ixoUibn0Rd76N0zYLbf1h4OM/53DO/GHKmdKO821VNja3tnequ7W9/YPDI/u43lNJJg ntkoQnchBiRTmLaVczzekglRSLkNN+OL2Z1/uPVCqWxPd6llJf4HHMIkawNlZg170J1nlYPHipZIIGuSgCu+E0nYXQOrglNKBUJ7C/vFFCMkFjTThWaug6qfZzLD UjnBY1L1M0xWSKx3RoMMaCKj9f3F6gc+OMUJRI82KNFu7viRwLpWYiNJ0C64larc3N/2rDTEfXfs7iNNM0JstFUcaRTtA8CDRikhLNZwYwkczcisgES0y0iatmQn BXv7wOvcuma/iu1Wi3yjiqcApncAEuXEEbbqEDXSDwBM/wCm9WYb1Y79bHsrVilTMn8EfW5w/Lf5Tf</latexit><latexit sha1_base64="qleO7vQq+9sVKXk3kpW5uBRldro=">AAAB+3icbZ DLSsNAFIZP6q3WW6xLN4NFcFUSKeiy4MZlBXuBJobJdNIOnUnCzEQsIa/ixoUibn0Rd76N0zYLbf1h4OM/53DO/GHKmdKO821VNja3tnequ7W9/YPDI/u43lNJJg ntkoQnchBiRTmLaVczzekglRSLkNN+OL2Z1/uPVCqWxPd6llJf4HHMIkawNlZg170J1nlYPHipZIIGuSgCu+E0nYXQOrglNKBUJ7C/vFFCMkFjTThWaug6qfZzLD UjnBY1L1M0xWSKx3RoMMaCKj9f3F6gc+OMUJRI82KNFu7viRwLpWYiNJ0C64larc3N/2rDTEfXfs7iNNM0JstFUcaRTtA8CDRikhLNZwYwkczcisgES0y0iatmQn BXv7wOvcuma/iu1Wi3yjiqcApncAEuXEEbbqEDXSDwBM/wCm9WYb1Y79bHsrVilTMn8EfW5w/Lf5Tf</latexit><latexit sha1_base64="qleO7vQq+9sVKXk3kpW5uBRldro=">AAAB+3icbZ DLSsNAFIZP6q3WW6xLN4NFcFUSKeiy4MZlBXuBJobJdNIOnUnCzEQsIa/ixoUibn0Rd76N0zYLbf1h4OM/53DO/GHKmdKO821VNja3tnequ7W9/YPDI/u43lNJJg ntkoQnchBiRTmLaVczzekglRSLkNN+OL2Z1/uPVCqWxPd6llJf4HHMIkawNlZg170J1nlYPHipZIIGuSgCu+E0nYXQOrglNKBUJ7C/vFFCMkFjTThWaug6qfZzLD UjnBY1L1M0xWSKx3RoMMaCKj9f3F6gc+OMUJRI82KNFu7viRwLpWYiNJ0C64larc3N/2rDTEfXfs7iNNM0JstFUcaRTtA8CDRikhLNZwYwkczcisgES0y0iatmQn BXv7wOvcuma/iu1Wi3yjiqcApncAEuXEEbbqEDXSDwBM/wCm9WYb1Y79bHsrVilTMn8EfW5w/Lf5Tf</latexit><latexit sha1_base64="qleO7vQq+9sVKXk3kpW5uBRldro=">AAAB+3icbZ DLSsNAFIZP6q3WW6xLN4NFcFUSKeiy4MZlBXuBJobJdNIOnUnCzEQsIa/ixoUibn0Rd76N0zYLbf1h4OM/53DO/GHKmdKO821VNja3tnequ7W9/YPDI/u43lNJJg ntkoQnchBiRTmLaVczzekglRSLkNN+OL2Z1/uPVCqWxPd6llJf4HHMIkawNlZg170J1nlYPHipZIIGuSgCu+E0nYXQOrglNKBUJ7C/vFFCMkFjTThWaug6qfZzLD UjnBY1L1M0xWSKx3RoMMaCKj9f3F6gc+OMUJRI82KNFu7viRwLpWYiNJ0C64larc3N/2rDTEfXfs7iNNM0JstFUcaRTtA8CDRikhLNZwYwkczcisgES0y0iatmQn BXv7wOvcuma/iu1Wi3yjiqcApncAEuXEEbbqEDXSDwBM/wCm9WYb1Y79bHsrVilTMn8EfW5w/Lf5Tf</latexit>
Uˆ(↵
(n)
MP
)
<latexit sha1_base64="LgGPJJnEIKK40rce6 zKQlldwuKY=">AAACBHicbZDLSsNAFIYnXmu9VV12M1iEdlMSKeiy4MaNUMG0haaGk+m0GTqZhJmJU EIWbnwVNy4UcetDuPNtnF4W2vrDwMd/zuHM+YOEM6Vt+9taW9/Y3Nou7BR39/YPDktHx20Vp5JQl8Q 8lt0AFOVMUFczzWk3kRSigNNOML6a1jsPVCoWizs9SWg/gpFgQ0ZAG8svlb0QdObmVQ94EoKf3fit /D6rilpe80sVu27PhFfBWUAFLdTyS1/eICZpRIUmHJTqOXai+xlIzQinedFLFU2AjGFEewYFRFT1s9 kROT4zzgAPY2me0Hjm/p7IIFJqEgWmMwIdquXa1Pyv1kv18LKfMZGkmgoyXzRMOdYxniaCB0xSovnE ABDJzF8xCUEC0Sa3ognBWT55FdrndcfwbaPSbCziKKAyOkVV5KAL1ETXqIVcRNAjekav6M16sl6sd +tj3rpmLWZO0B9Znz8ZJpes</latexit><latexit sha1_base64="LgGPJJnEIKK40rce6 zKQlldwuKY=">AAACBHicbZDLSsNAFIYnXmu9VV12M1iEdlMSKeiy4MaNUMG0haaGk+m0GTqZhJmJU EIWbnwVNy4UcetDuPNtnF4W2vrDwMd/zuHM+YOEM6Vt+9taW9/Y3Nou7BR39/YPDktHx20Vp5JQl8Q 8lt0AFOVMUFczzWk3kRSigNNOML6a1jsPVCoWizs9SWg/gpFgQ0ZAG8svlb0QdObmVQ94EoKf3fit /D6rilpe80sVu27PhFfBWUAFLdTyS1/eICZpRIUmHJTqOXai+xlIzQinedFLFU2AjGFEewYFRFT1s9 kROT4zzgAPY2me0Hjm/p7IIFJqEgWmMwIdquXa1Pyv1kv18LKfMZGkmgoyXzRMOdYxniaCB0xSovnE ABDJzF8xCUEC0Sa3ognBWT55FdrndcfwbaPSbCziKKAyOkVV5KAL1ETXqIVcRNAjekav6M16sl6sd +tj3rpmLWZO0B9Znz8ZJpes</latexit><latexit sha1_base64="LgGPJJnEIKK40rce6 zKQlldwuKY=">AAACBHicbZDLSsNAFIYnXmu9VV12M1iEdlMSKeiy4MaNUMG0haaGk+m0GTqZhJmJU EIWbnwVNy4UcetDuPNtnF4W2vrDwMd/zuHM+YOEM6Vt+9taW9/Y3Nou7BR39/YPDktHx20Vp5JQl8Q 8lt0AFOVMUFczzWk3kRSigNNOML6a1jsPVCoWizs9SWg/gpFgQ0ZAG8svlb0QdObmVQ94EoKf3fit /D6rilpe80sVu27PhFfBWUAFLdTyS1/eICZpRIUmHJTqOXai+xlIzQinedFLFU2AjGFEewYFRFT1s9 kROT4zzgAPY2me0Hjm/p7IIFJqEgWmMwIdquXa1Pyv1kv18LKfMZGkmgoyXzRMOdYxniaCB0xSovnE ABDJzF8xCUEC0Sa3ognBWT55FdrndcfwbaPSbCziKKAyOkVV5KAL1ETXqIVcRNAjekav6M16sl6sd +tj3rpmLWZO0B9Znz8ZJpes</latexit><latexit sha1_base64="LgGPJJnEIKK40rce6 zKQlldwuKY=">AAACBHicbZDLSsNAFIYnXmu9VV12M1iEdlMSKeiy4MaNUMG0haaGk+m0GTqZhJmJU EIWbnwVNy4UcetDuPNtnF4W2vrDwMd/zuHM+YOEM6Vt+9taW9/Y3Nou7BR39/YPDktHx20Vp5JQl8Q 8lt0AFOVMUFczzWk3kRSigNNOML6a1jsPVCoWizs9SWg/gpFgQ0ZAG8svlb0QdObmVQ94EoKf3fit /D6rilpe80sVu27PhFfBWUAFLdTyS1/eICZpRIUmHJTqOXai+xlIzQinedFLFU2AjGFEewYFRFT1s9 kROT4zzgAPY2me0Hjm/p7IIFJqEgWmMwIdquXa1Pyv1kv18LKfMZGkmgoyXzRMOdYxniaCB0xSovnE ABDJzF8xCUEC0Sa3ognBWT55FdrndcfwbaPSbCziKKAyOkVV5KAL1ETXqIVcRNAjekav6M16sl6sd +tj3rpmLWZO0B9Znz8ZJpes</latexit>
homo	
homo	
homo	
Bˆ(T1)
<latexit sha1_base64="ZlBJo/3aG0ManUgzCL0 83J8Cw+Q=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWAR6qYkUtBl0Y3LCr1BE8JkOmmHTiZh5qRQQt/Ej QtF3Pom7nwbp20W2vrDwMd/zuGc+cNUcA2O822VtrZ3dvfK+5WDw6PjE/v0rKuTTFHWoYlIVD8kmgkuWQ c4CNZPFSNxKFgvnDws6r0pU5onsg2zlPkxGUkecUrAWIFte2MC+f285oURbgfudWBXnbqzFN4Et4AqKt QK7C9vmNAsZhKoIFoPXCcFPycKOBVsXvEyzVJCJ2TEBgYliZn28+Xlc3xlnCGOEmWeBLx0f0/kJNZ6Foe mMyYw1uu1hflfbZBBdOfnXKYZMElXi6JMYEjwIgY85IpREDMDhCpubsV0TBShYMKqmBDc9S9vQvem7hp +alSbjSKOMrpAl6iGXHSLmugRtVAHUTRFz+gVvVm59WK9Wx+r1pJVzJyjP7I+fwACKJKJ</latexit><latexit sha1_base64="ZlBJo/3aG0ManUgzCL0 83J8Cw+Q=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWAR6qYkUtBl0Y3LCr1BE8JkOmmHTiZh5qRQQt/Ej QtF3Pom7nwbp20W2vrDwMd/zuGc+cNUcA2O822VtrZ3dvfK+5WDw6PjE/v0rKuTTFHWoYlIVD8kmgkuWQ c4CNZPFSNxKFgvnDws6r0pU5onsg2zlPkxGUkecUrAWIFte2MC+f285oURbgfudWBXnbqzFN4Et4AqKt QK7C9vmNAsZhKoIFoPXCcFPycKOBVsXvEyzVJCJ2TEBgYliZn28+Xlc3xlnCGOEmWeBLx0f0/kJNZ6Foe mMyYw1uu1hflfbZBBdOfnXKYZMElXi6JMYEjwIgY85IpREDMDhCpubsV0TBShYMKqmBDc9S9vQvem7hp +alSbjSKOMrpAl6iGXHSLmugRtVAHUTRFz+gVvVm59WK9Wx+r1pJVzJyjP7I+fwACKJKJ</latexit><latexit sha1_base64="ZlBJo/3aG0ManUgzCL0 83J8Cw+Q=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWAR6qYkUtBl0Y3LCr1BE8JkOmmHTiZh5qRQQt/Ej QtF3Pom7nwbp20W2vrDwMd/zuGc+cNUcA2O822VtrZ3dvfK+5WDw6PjE/v0rKuTTFHWoYlIVD8kmgkuWQ c4CNZPFSNxKFgvnDws6r0pU5onsg2zlPkxGUkecUrAWIFte2MC+f285oURbgfudWBXnbqzFN4Et4AqKt QK7C9vmNAsZhKoIFoPXCcFPycKOBVsXvEyzVJCJ2TEBgYliZn28+Xlc3xlnCGOEmWeBLx0f0/kJNZ6Foe mMyYw1uu1hflfbZBBdOfnXKYZMElXi6JMYEjwIgY85IpREDMDhCpubsV0TBShYMKqmBDc9S9vQvem7hp +alSbjSKOMrpAl6iGXHSLmugRtVAHUTRFz+gVvVm59WK9Wx+r1pJVzJyjP7I+fwACKJKJ</latexit><latexit sha1_base64="ZlBJo/3aG0ManUgzCL0 83J8Cw+Q=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWAR6qYkUtBl0Y3LCr1BE8JkOmmHTiZh5qRQQt/Ej QtF3Pom7nwbp20W2vrDwMd/zuGc+cNUcA2O822VtrZ3dvfK+5WDw6PjE/v0rKuTTFHWoYlIVD8kmgkuWQ c4CNZPFSNxKFgvnDws6r0pU5onsg2zlPkxGUkecUrAWIFte2MC+f285oURbgfudWBXnbqzFN4Et4AqKt QK7C9vmNAsZhKoIFoPXCcFPycKOBVsXvEyzVJCJ2TEBgYliZn28+Xlc3xlnCGOEmWeBLx0f0/kJNZ6Foe mMyYw1uu1hflfbZBBdOfnXKYZMElXi6JMYEjwIgY85IpREDMDhCpubsV0TBShYMKqmBDc9S9vQvem7hp +alSbjSKOMrpAl6iGXHSLmugRtVAHUTRFz+gVvVm59WK9Wx+r1pJVzJyjP7I+fwACKJKJ</latexit>
Bˆ(Tm)
<latexit sha1_base64="sABL74bZRXdJDPJxbjOLdNDd 6BU=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWAR6qYkUtBl0Y3LCr1BE8JkOmmHTiZh5qRQQt/EjQtF3Pom7nwbp20W 2vrDwMd/zuGc+cNUcA2O822VtrZ3dvfK+5WDw6PjE/v0rKuTTFHWoYlIVD8kmgkuWQc4CNZPFSNxKFgvnDws6r0pU5 onsg2zlPkxGUkecUrAWIFte2MC+f285oURbgfxdWBXnbqzFN4Et4AqKtQK7C9vmNAsZhKoIFoPXCcFPycKOBVsXvEy zVJCJ2TEBgYliZn28+Xlc3xlnCGOEmWeBLx0f0/kJNZ6FoemMyYw1uu1hflfbZBBdOfnXKYZMElXi6JMYEjwIgY85I pREDMDhCpubsV0TBShYMKqmBDc9S9vQvem7hp+alSbjSKOMrpAl6iGXHSLmugRtVAHUTRFz+gVvVm59WK9Wx+r1pJV zJyjP7I+fwBdVJLF</latexit><latexit sha1_base64="sABL74bZRXdJDPJxbjOLdNDd 6BU=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWAR6qYkUtBl0Y3LCr1BE8JkOmmHTiZh5qRQQt/EjQtF3Pom7nwbp20W 2vrDwMd/zuGc+cNUcA2O822VtrZ3dvfK+5WDw6PjE/v0rKuTTFHWoYlIVD8kmgkuWQc4CNZPFSNxKFgvnDws6r0pU5 onsg2zlPkxGUkecUrAWIFte2MC+f285oURbgfxdWBXnbqzFN4Et4AqKtQK7C9vmNAsZhKoIFoPXCcFPycKOBVsXvEy zVJCJ2TEBgYliZn28+Xlc3xlnCGOEmWeBLx0f0/kJNZ6FoemMyYw1uu1hflfbZBBdOfnXKYZMElXi6JMYEjwIgY85I pREDMDhCpubsV0TBShYMKqmBDc9S9vQvem7hp+alSbjSKOMrpAl6iGXHSLmugRtVAHUTRFz+gVvVm59WK9Wx+r1pJV zJyjP7I+fwBdVJLF</latexit><latexit sha1_base64="sABL74bZRXdJDPJxbjOLdNDd 6BU=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWAR6qYkUtBl0Y3LCr1BE8JkOmmHTiZh5qRQQt/EjQtF3Pom7nwbp20W 2vrDwMd/zuGc+cNUcA2O822VtrZ3dvfK+5WDw6PjE/v0rKuTTFHWoYlIVD8kmgkuWQc4CNZPFSNxKFgvnDws6r0pU5 onsg2zlPkxGUkecUrAWIFte2MC+f285oURbgfxdWBXnbqzFN4Et4AqKtQK7C9vmNAsZhKoIFoPXCcFPycKOBVsXvEy zVJCJ2TEBgYliZn28+Xlc3xlnCGOEmWeBLx0f0/kJNZ6FoemMyYw1uu1hflfbZBBdOfnXKYZMElXi6JMYEjwIgY85I pREDMDhCpubsV0TBShYMKqmBDc9S9vQvem7hp+alSbjSKOMrpAl6iGXHSLmugRtVAHUTRFz+gVvVm59WK9Wx+r1pJV zJyjP7I+fwBdVJLF</latexit><latexit sha1_base64="sABL74bZRXdJDPJxbjOLdNDd 6BU=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWAR6qYkUtBl0Y3LCr1BE8JkOmmHTiZh5qRQQt/EjQtF3Pom7nwbp20W 2vrDwMd/zuGc+cNUcA2O822VtrZ3dvfK+5WDw6PjE/v0rKuTTFHWoYlIVD8kmgkuWQc4CNZPFSNxKFgvnDws6r0pU5 onsg2zlPkxGUkecUrAWIFte2MC+f285oURbgfxdWBXnbqzFN4Et4AqKtQK7C9vmNAsZhKoIFoPXCcFPycKOBVsXvEy zVJCJ2TEBgYliZn28+Xlc3xlnCGOEmWeBLx0f0/kJNZ6FoemMyYw1uu1hflfbZBBdOfnXKYZMElXi6JMYEjwIgY85I pREDMDhCpubsV0TBShYMKqmBDc9S9vQvem7hp+alSbjSKOMrpAl6iGXHSLmugRtVAHUTRFz+gVvVm59WK9Wx+r1pJV zJyjP7I+fwBdVJLF</latexit>
Bˆ(TMP)
<latexit sha1_base64="e7YVpTqyVPaNpyWTG7flyWew9cM=">A AAB/XicbZDLSsNAFIYnXmu9xcvOzWAR6qYkUtBl0Y0boUJv0IQwmU7aoZMLMydCDcFXceNCEbe+hzvfxmmbhbb+MPDxn3M4Z34/EVyBZX0 bK6tr6xubpa3y9s7u3r55cNhRcSopa9NYxLLnE8UEj1gbOAjWSyQjoS9Y1x/fTOvdByYVj6MWTBLmhmQY8YBTAtryzGNnRCC7zquOH+CWl 915zfzcMytWzZoJL4NdQAUVanrmlzOIaRqyCKggSvVtKwE3IxI4FSwvO6liCaFjMmR9jREJmXKz2fU5PtPOAAex1C8CPHN/T2QkVGoS+ro zJDBSi7Wp+V+tn0Jw5WY8SlJgEZ0vClKBIcbTKPCAS0ZBTDQQKrm+FdMRkYSCDqysQ7AXv7wMnYuarfm+XmnUizhK6ASdoiqy0SVqoFvUR G1E0SN6Rq/ozXgyXox342PeumIUM0foj4zPH1vdlHQ=</latexit><latexit sha1_base64="e7YVpTqyVPaNpyWTG7flyWew9cM=">A AAB/XicbZDLSsNAFIYnXmu9xcvOzWAR6qYkUtBl0Y0boUJv0IQwmU7aoZMLMydCDcFXceNCEbe+hzvfxmmbhbb+MPDxn3M4Z34/EVyBZX0 bK6tr6xubpa3y9s7u3r55cNhRcSopa9NYxLLnE8UEj1gbOAjWSyQjoS9Y1x/fTOvdByYVj6MWTBLmhmQY8YBTAtryzGNnRCC7zquOH+CWl 915zfzcMytWzZoJL4NdQAUVanrmlzOIaRqyCKggSvVtKwE3IxI4FSwvO6liCaFjMmR9jREJmXKz2fU5PtPOAAex1C8CPHN/T2QkVGoS+ro zJDBSi7Wp+V+tn0Jw5WY8SlJgEZ0vClKBIcbTKPCAS0ZBTDQQKrm+FdMRkYSCDqysQ7AXv7wMnYuarfm+XmnUizhK6ASdoiqy0SVqoFvUR G1E0SN6Rq/ozXgyXox342PeumIUM0foj4zPH1vdlHQ=</latexit><latexit sha1_base64="e7YVpTqyVPaNpyWTG7flyWew9cM=">A AAB/XicbZDLSsNAFIYnXmu9xcvOzWAR6qYkUtBl0Y0boUJv0IQwmU7aoZMLMydCDcFXceNCEbe+hzvfxmmbhbb+MPDxn3M4Z34/EVyBZX0 bK6tr6xubpa3y9s7u3r55cNhRcSopa9NYxLLnE8UEj1gbOAjWSyQjoS9Y1x/fTOvdByYVj6MWTBLmhmQY8YBTAtryzGNnRCC7zquOH+CWl 915zfzcMytWzZoJL4NdQAUVanrmlzOIaRqyCKggSvVtKwE3IxI4FSwvO6liCaFjMmR9jREJmXKz2fU5PtPOAAex1C8CPHN/T2QkVGoS+ro zJDBSi7Wp+V+tn0Jw5WY8SlJgEZ0vClKBIcbTKPCAS0ZBTDQQKrm+FdMRkYSCDqysQ7AXv7wMnYuarfm+XmnUizhK6ASdoiqy0SVqoFvUR G1E0SN6Rq/ozXgyXox342PeumIUM0foj4zPH1vdlHQ=</latexit><latexit sha1_base64="e7YVpTqyVPaNpyWTG7flyWew9cM=">A AAB/XicbZDLSsNAFIYnXmu9xcvOzWAR6qYkUtBl0Y0boUJv0IQwmU7aoZMLMydCDcFXceNCEbe+hzvfxmmbhbb+MPDxn3M4Z34/EVyBZX0 bK6tr6xubpa3y9s7u3r55cNhRcSopa9NYxLLnE8UEj1gbOAjWSyQjoS9Y1x/fTOvdByYVj6MWTBLmhmQY8YBTAtryzGNnRCC7zquOH+CWl 915zfzcMytWzZoJL4NdQAUVanrmlzOIaRqyCKggSvVtKwE3IxI4FSwvO6liCaFjMmR9jREJmXKz2fU5PtPOAAex1C8CPHN/T2QkVGoS+ro zJDBSi7Wp+V+tn0Jw5WY8SlJgEZ0vClKBIcbTKPCAS0ZBTDQQKrm+FdMRkYSCDqysQ7AXv7wMnYuarfm+XmnUizhK6ASdoiqy0SVqoFvUR G1E0SN6Rq/ozXgyXox342PeumIUM0foj4zPH1vdlHQ=</latexit>
 (n)
<latexit sha1_base64="SeEwry hHYPo3Rz4TRWsc7xY64ZU=">AAAB8XicbZBNSwMxEIZn61etX1WPXo JFqJeyKwU9Frx4rGBbsV1LNs22odnskswKZem/8OJBEa/+G2/+G9N2 D9r6QuDhnRky8waJFAZd99sprK1vbG4Vt0s7u3v7B+XDo7aJU814i8 Uy1vcBNVwKxVsoUPL7RHMaBZJ3gvH1rN554tqIWN3hJOF+RIdKhIJRt NZDr2nEY1ZV59N+ueLW3LnIKng5VCBXs1/+6g1ilkZcIZPUmK7nJuh nVKNgkk9LvdTwhLIxHfKuRUUjbvxsvvGUnFlnQMJY26eQzN3fExmNj JlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2PhkIzRnKiQXK tLC7EjaimjK0IZVsCN7yyavQvqh5lm/rlUY9j6MIJ3AKVfDgEhpwA0 1oAQMFz/AKb45xXpx352PRWnDymWP4I+fzBwNkkG0=</latexit><latexit sha1_base64="SeEwry hHYPo3Rz4TRWsc7xY64ZU=">AAAB8XicbZBNSwMxEIZn61etX1WPXo JFqJeyKwU9Frx4rGBbsV1LNs22odnskswKZem/8OJBEa/+G2/+G9N2 D9r6QuDhnRky8waJFAZd99sprK1vbG4Vt0s7u3v7B+XDo7aJU814i8 Uy1vcBNVwKxVsoUPL7RHMaBZJ3gvH1rN554tqIWN3hJOF+RIdKhIJRt NZDr2nEY1ZV59N+ueLW3LnIKng5VCBXs1/+6g1ilkZcIZPUmK7nJuh nVKNgkk9LvdTwhLIxHfKuRUUjbvxsvvGUnFlnQMJY26eQzN3fExmNj JlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2PhkIzRnKiQXK tLC7EjaimjK0IZVsCN7yyavQvqh5lm/rlUY9j6MIJ3AKVfDgEhpwA0 1oAQMFz/AKb45xXpx352PRWnDymWP4I+fzBwNkkG0=</latexit><latexit sha1_base64="SeEwry hHYPo3Rz4TRWsc7xY64ZU=">AAAB8XicbZBNSwMxEIZn61etX1WPXo JFqJeyKwU9Frx4rGBbsV1LNs22odnskswKZem/8OJBEa/+G2/+G9N2 D9r6QuDhnRky8waJFAZd99sprK1vbG4Vt0s7u3v7B+XDo7aJU814i8 Uy1vcBNVwKxVsoUPL7RHMaBZJ3gvH1rN554tqIWN3hJOF+RIdKhIJRt NZDr2nEY1ZV59N+ueLW3LnIKng5VCBXs1/+6g1ilkZcIZPUmK7nJuh nVKNgkk9LvdTwhLIxHfKuRUUjbvxsvvGUnFlnQMJY26eQzN3fExmNj JlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2PhkIzRnKiQXK tLC7EjaimjK0IZVsCN7yyavQvqh5lm/rlUY9j6MIJ3AKVfDgEhpwA0 1oAQMFz/AKb45xXpx352PRWnDymWP4I+fzBwNkkG0=</latexit><latexit sha1_base64="SeEwry hHYPo3Rz4TRWsc7xY64ZU=">AAAB8XicbZBNSwMxEIZn61etX1WPXo JFqJeyKwU9Frx4rGBbsV1LNs22odnskswKZem/8OJBEa/+G2/+G9N2 D9r6QuDhnRky8waJFAZd99sprK1vbG4Vt0s7u3v7B+XDo7aJU814i8 Uy1vcBNVwKxVsoUPL7RHMaBZJ3gvH1rN554tqIWN3hJOF+RIdKhIJRt NZDr2nEY1ZV59N+ueLW3LnIKng5VCBXs1/+6g1ilkZcIZPUmK7nJuh nVKNgkk9LvdTwhLIxHfKuRUUjbvxsvvGUnFlnQMJY26eQzN3fExmNj JlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2PhkIzRnKiQXK tLC7EjaimjK0IZVsCN7yyavQvqh5lm/rlUY9j6MIJ3AKVfDgEhpwA0 1oAQMFz/AKb45xXpx352PRWnDymWP4I+fzBwNkkG0=</latexit>
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aˆ1 aˆ01
aˆM aˆ
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 (n)
<latexit s ha1_base64="1+/WOUd kZrLACRP7YX8SBnoFx28 =">AAAB8XicbZBNS8NA EIYn9avWr6pHL4tFqJe SiKDHghePFewHtrFstpN 26WYTdjdCCf0XXjwo4t V/481/47bNQVtfWHh4Z 4adeYNEcG1c99sprK1v bG4Vt0s7u3v7B+XDo5aO U8WwyWIRq05ANQousWm 4EdhJFNIoENgOxjezev sJleaxvDeTBP2IDiUPOa PGWg+9xog/ZlV5Pu2XK 27NnYusgpdDBXI1+uWv 3iBmaYTSMEG17npuYvy MKsOZwGmpl2pMKBvTIXY tShqh9rP5xlNyZp0BCW NlnzRk7v6eyGik9SQKb GdEzUgv12bmf7VuasJrP +MySQ1KtvgoTAUxMZmd TwZcITNiYoEyxe2uhI2 ooszYkEo2BG/55FVoXd Q8y3eXlbqbx1GEEziFKn hwBXW4hQY0gYGEZ3iFN 0c7L86787FoLTj5zDH8 kfP5A/EokF4=</latexi t><latexit s ha1_base64="1+/WOUd kZrLACRP7YX8SBnoFx28 =">AAAB8XicbZBNS8NA EIYn9avWr6pHL4tFqJe SiKDHghePFewHtrFstpN 26WYTdjdCCf0XXjwo4t V/481/47bNQVtfWHh4Z 4adeYNEcG1c99sprK1v bG4Vt0s7u3v7B+XDo5aO U8WwyWIRq05ANQousWm 4EdhJFNIoENgOxjezev sJleaxvDeTBP2IDiUPOa PGWg+9xog/ZlV5Pu2XK 27NnYusgpdDBXI1+uWv 3iBmaYTSMEG17npuYvy MKsOZwGmpl2pMKBvTIXY tShqh9rP5xlNyZp0BCW NlnzRk7v6eyGik9SQKb GdEzUgv12bmf7VuasJrP +MySQ1KtvgoTAUxMZmd TwZcITNiYoEyxe2uhI2 ooszYkEo2BG/55FVoXd Q8y3eXlbqbx1GEEziFKn hwBXW4hQY0gYGEZ3iFN 0c7L86787FoLTj5zDH8 kfP5A/EokF4=</latexi t><latexit s ha1_base64="1+/WOUd kZrLACRP7YX8SBnoFx28 =">AAAB8XicbZBNS8NA EIYn9avWr6pHL4tFqJe SiKDHghePFewHtrFstpN 26WYTdjdCCf0XXjwo4t V/481/47bNQVtfWHh4Z 4adeYNEcG1c99sprK1v bG4Vt0s7u3v7B+XDo5aO U8WwyWIRq05ANQousWm 4EdhJFNIoENgOxjezev sJleaxvDeTBP2IDiUPOa PGWg+9xog/ZlV5Pu2XK 27NnYusgpdDBXI1+uWv 3iBmaYTSMEG17npuYvy MKsOZwGmpl2pMKBvTIXY tShqh9rP5xlNyZp0BCW NlnzRk7v6eyGik9SQKb GdEzUgv12bmf7VuasJrP +MySQ1KtvgoTAUxMZmd TwZcITNiYoEyxe2uhI2 ooszYkEo2BG/55FVoXd Q8y3eXlbqbx1GEEziFKn hwBXW4hQY0gYGEZ3iFN 0c7L86787FoLTj5zDH8 kfP5A/EokF4=</latexi t><latexit s ha1_base64="1+/WOUd kZrLACRP7YX8SBnoFx28 =">AAAB8XicbZBNS8NA EIYn9avWr6pHL4tFqJe SiKDHghePFewHtrFstpN 26WYTdjdCCf0XXjwo4t V/481/47bNQVtfWHh4Z 4adeYNEcG1c99sprK1v bG4Vt0s7u3v7B+XDo5aO U8WwyWIRq05ANQousWm 4EdhJFNIoENgOxjezev sJleaxvDeTBP2IDiUPOa PGWg+9xog/ZlV5Pu2XK 27NnYusgpdDBXI1+uWv 3iBmaYTSMEG17npuYvy MKsOZwGmpl2pMKBvTIXY tShqh9rP5xlNyZp0BCW NlnzRk7v6eyGik9SQKb GdEzUgv12bmf7VuasJrP +MySQ1KtvgoTAUxMZmd TwZcITNiYoEyxe2uhI2 ooszYkEo2BG/55FVoXd Q8y3eXlbqbx1GEEziFKn hwBXW4hQY0gYGEZ3iFN 0c7L86787FoLTj5zDH8 kfP5A/EokF4=</latexi t>
aˆ0m
<latexit sha1_base64="8shw4ZjOXCwA 1g38kFPTjaHNY5U=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFcFUSKeiy4MZlBXuBJ obJdNIOnUnCzEQsIa/ixoUibn0Rd76N0zYLbf1h4OM/53DO/GHKmdKO821VNja3tneq u7W9/YPDI/u43lNJJgntkoQnchBiRTmLaVczzekglRSLkNN+OL2Z1/uPVCqWxPd6llJ f4HHMIkawNlZg170J1jkuHrxUMkGDXBSB3XCazkJoHdwSGlCqE9hf3ighmaCxJhwrN XSdVPs5lpoRToualymaYjLFYzo0GGNBlZ8vbi/QuXFGKEqkebFGC/f3RI6FUjMRmk6B 9USt1ubmf7VhpqNrP2dxmmkak+WiKONIJ2geBBoxSYnmMwOYSGZuRWSCJSbaxFUzIbi rX16H3mXTNXzXarRbZRxVOIUzuAAXrqANt9CBLhB4gmd4hTersF6sd+tj2VqxypkT+C Pr8wfJ75Te</latexit><latexit sha1_base64="8shw4ZjOXCwA 1g38kFPTjaHNY5U=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFcFUSKeiy4MZlBXuBJ obJdNIOnUnCzEQsIa/ixoUibn0Rd76N0zYLbf1h4OM/53DO/GHKmdKO821VNja3tneq u7W9/YPDI/u43lNJJgntkoQnchBiRTmLaVczzekglRSLkNN+OL2Z1/uPVCqWxPd6llJ f4HHMIkawNlZg170J1jkuHrxUMkGDXBSB3XCazkJoHdwSGlCqE9hf3ighmaCxJhwrN XSdVPs5lpoRToualymaYjLFYzo0GGNBlZ8vbi/QuXFGKEqkebFGC/f3RI6FUjMRmk6B 9USt1ubmf7VhpqNrP2dxmmkak+WiKONIJ2geBBoxSYnmMwOYSGZuRWSCJSbaxFUzIbi rX16H3mXTNXzXarRbZRxVOIUzuAAXrqANt9CBLhB4gmd4hTersF6sd+tj2VqxypkT+C Pr8wfJ75Te</latexit><latexit sha1_base64="8shw4ZjOXCwA 1g38kFPTjaHNY5U=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFcFUSKeiy4MZlBXuBJ obJdNIOnUnCzEQsIa/ixoUibn0Rd76N0zYLbf1h4OM/53DO/GHKmdKO821VNja3tneq u7W9/YPDI/u43lNJJgntkoQnchBiRTmLaVczzekglRSLkNN+OL2Z1/uPVCqWxPd6llJ f4HHMIkawNlZg170J1jkuHrxUMkGDXBSB3XCazkJoHdwSGlCqE9hf3ighmaCxJhwrN XSdVPs5lpoRToualymaYjLFYzo0GGNBlZ8vbi/QuXFGKEqkebFGC/f3RI6FUjMRmk6B 9USt1ubmf7VhpqNrP2dxmmkak+WiKONIJ2geBBoxSYnmMwOYSGZuRWSCJSbaxFUzIbi rX16H3mXTNXzXarRbZRxVOIUzuAAXrqANt9CBLhB4gmd4hTersF6sd+tj2VqxypkT+C Pr8wfJ75Te</latexit><latexit sha1_base64="8shw4ZjOXCwA 1g38kFPTjaHNY5U=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFcFUSKeiy4MZlBXuBJ obJdNIOnUnCzEQsIa/ixoUibn0Rd76N0zYLbf1h4OM/53DO/GHKmdKO821VNja3tneq u7W9/YPDI/u43lNJJgntkoQnchBiRTmLaVczzekglRSLkNN+OL2Z1/uPVCqWxPd6llJ f4HHMIkawNlZg170J1jkuHrxUMkGDXBSB3XCazkJoHdwSGlCqE9hf3ighmaCxJhwrN XSdVPs5lpoRToualymaYjLFYzo0GGNBlZ8vbi/QuXFGKEqkebFGC/f3RI6FUjMRmk6B 9USt1ubmf7VhpqNrP2dxmmkak+WiKONIJ2geBBoxSYnmMwOYSGZuRWSCJSbaxFUzIbi rX16H3mXTNXzXarRbZRxVOIUzuAAXrqANt9CBLhB4gmd4hTersF6sd+tj2VqxypkT+C Pr8wfJ75Te</latexit>
aˆm
<latexit sha1_b ase64="43oGlPFNYCSKo91wjjsDs2 VEDNA=">AAAB8nicbZDLSsNAFIYn9 VbrrerSzWARXJVEBF0W3LisYC+Qhj KZTtqhcwkzJ0IJeQw3LhRx69O4822 ctllo6w8DH/85hznnj1PBLfj+t1fZ 2Nza3qnu1vb2Dw6P6scnXaszQ1mHa qFNPyaWCa5YBzgI1k8NIzIWrBdP7+ b13hMzlmv1CLOURZKMFU84JeCscDA hkJNimMtiWG/4TX8hvA5BCQ1Uqj2 sfw1GmmaSKaCCWBsGfgpRTgxwKlhR G2SWpYROyZiFDhWRzEb5YuUCXzhnh BNt3FOAF+7viZxIa2cydp2SwMSu1u bmf7Uwg+Q2yrlKM2CKLj9KMoFB4/n 9eMQNoyBmDgg13O2K6YQYQsGlVHMh BKsnr0P3qhk4frhutK7LOKroDJ2jS xSgG9RC96iNOogijZ7RK3rzwHvx3r 2PZWvFK2dO0R95nz/YZpGQ</latex it><latexit sha1_b ase64="43oGlPFNYCSKo91wjjsDs2 VEDNA=">AAAB8nicbZDLSsNAFIYn9 VbrrerSzWARXJVEBF0W3LisYC+Qhj KZTtqhcwkzJ0IJeQw3LhRx69O4822 ctllo6w8DH/85hznnj1PBLfj+t1fZ 2Nza3qnu1vb2Dw6P6scnXaszQ1mHa qFNPyaWCa5YBzgI1k8NIzIWrBdP7+ b13hMzlmv1CLOURZKMFU84JeCscDA hkJNimMtiWG/4TX8hvA5BCQ1Uqj2 sfw1GmmaSKaCCWBsGfgpRTgxwKlhR G2SWpYROyZiFDhWRzEb5YuUCXzhnh BNt3FOAF+7viZxIa2cydp2SwMSu1u bmf7Uwg+Q2yrlKM2CKLj9KMoFB4/n 9eMQNoyBmDgg13O2K6YQYQsGlVHMh BKsnr0P3qhk4frhutK7LOKroDJ2jS xSgG9RC96iNOogijZ7RK3rzwHvx3r 2PZWvFK2dO0R95nz/YZpGQ</latex it><latexit sha1_b ase64="43oGlPFNYCSKo91wjjsDs2 VEDNA=">AAAB8nicbZDLSsNAFIYn9 VbrrerSzWARXJVEBF0W3LisYC+Qhj KZTtqhcwkzJ0IJeQw3LhRx69O4822 ctllo6w8DH/85hznnj1PBLfj+t1fZ 2Nza3qnu1vb2Dw6P6scnXaszQ1mHa qFNPyaWCa5YBzgI1k8NIzIWrBdP7+ b13hMzlmv1CLOURZKMFU84JeCscDA hkJNimMtiWG/4TX8hvA5BCQ1Uqj2 sfw1GmmaSKaCCWBsGfgpRTgxwKlhR G2SWpYROyZiFDhWRzEb5YuUCXzhnh BNt3FOAF+7viZxIa2cydp2SwMSu1u bmf7Uwg+Q2yrlKM2CKLj9KMoFB4/n 9eMQNoyBmDgg13O2K6YQYQsGlVHMh BKsnr0P3qhk4frhutK7LOKroDJ2jS xSgG9RC96iNOogijZ7RK3rzwHvx3r 2PZWvFK2dO0R95nz/YZpGQ</latex it><latexit sha1_b ase64="43oGlPFNYCSKo91wjjsDs2 VEDNA=">AAAB8nicbZDLSsNAFIYn9 VbrrerSzWARXJVEBF0W3LisYC+Qhj KZTtqhcwkzJ0IJeQw3LhRx69O4822 ctllo6w8DH/85hznnj1PBLfj+t1fZ 2Nza3qnu1vb2Dw6P6scnXaszQ1mHa qFNPyaWCa5YBzgI1k8NIzIWrBdP7+ b13hMzlmv1CLOURZKMFU84JeCscDA hkJNimMtiWG/4TX8hvA5BCQ1Uqj2 sfw1GmmaSKaCCWBsGfgpRTgxwKlhR G2SWpYROyZiFDhWRzEb5YuUCXzhnh BNt3FOAF+7viZxIa2cydp2SwMSu1u bmf7Uwg+Q2yrlKM2CKLj9KMoFB4/n 9eMQNoyBmDgg13O2K6YQYQsGlVHMh BKsnr0P3qhk4frhutK7LOKroDJ2jS xSgG9RC96iNOogijZ7RK3rzwHvx3r 2PZWvFK2dO0R95nz/YZpGQ</latex it>
	
	
Uˆ(↵
(n)
M )
<latexit sha1_b ase64="U6tOq2J8x7fO4eezqlMYC4K ka4A=">AAACAHicbZDNSsNAFIUn/tb 6F3Xhwk2wCO2mJCLosuDGjVDBtIUmh pvppB06mYSZiVBCNr6KGxeKuPUx3Pk 2TtsstPXAwMe593LnnjBlVCrb/jZW VtfWNzYrW9Xtnd29ffPgsCOTTGDi4o QloheCJIxy4iqqGOmlgkAcMtINx9fT eveRCEkTfq8mKfFjGHIaUQxKW4F57I 1A5W5R94ClIwhuH/I6bxSNwKzZTXsm axmcEmqoVDswv7xBgrOYcIUZSNl37F T5OQhFMSNF1cskSQGPYUj6GjnERPr 57IDCOtPOwIoSoR9X1sz9PZFDLOUkD nVnDGokF2tT879aP1PRlZ9TnmaKcDx fFGXMUok1TcMaUEGwYhMNgAXVf7XwC ARgpTOr6hCcxZOXoXPedDTfXdRadhl HBZ2gU1RHDrpELXSD2shFGBXoGb2i N+PJeDHejY9564pRzhyhPzI+fwDbJJ XZ</latexit><latexit sha1_b ase64="U6tOq2J8x7fO4eezqlMYC4K ka4A=">AAACAHicbZDNSsNAFIUn/tb 6F3Xhwk2wCO2mJCLosuDGjVDBtIUmh pvppB06mYSZiVBCNr6KGxeKuPUx3Pk 2TtsstPXAwMe593LnnjBlVCrb/jZW VtfWNzYrW9Xtnd29ffPgsCOTTGDi4o QloheCJIxy4iqqGOmlgkAcMtINx9fT eveRCEkTfq8mKfFjGHIaUQxKW4F57I 1A5W5R94ClIwhuH/I6bxSNwKzZTXsm axmcEmqoVDswv7xBgrOYcIUZSNl37F T5OQhFMSNF1cskSQGPYUj6GjnERPr 57IDCOtPOwIoSoR9X1sz9PZFDLOUkD nVnDGokF2tT879aP1PRlZ9TnmaKcDx fFGXMUok1TcMaUEGwYhMNgAXVf7XwC ARgpTOr6hCcxZOXoXPedDTfXdRadhl HBZ2gU1RHDrpELXSD2shFGBXoGb2i N+PJeDHejY9564pRzhyhPzI+fwDbJJ XZ</latexit><latexit sha1_b ase64="U6tOq2J8x7fO4eezqlMYC4K ka4A=">AAACAHicbZDNSsNAFIUn/tb 6F3Xhwk2wCO2mJCLosuDGjVDBtIUmh pvppB06mYSZiVBCNr6KGxeKuPUx3Pk 2TtsstPXAwMe593LnnjBlVCrb/jZW VtfWNzYrW9Xtnd29ffPgsCOTTGDi4o QloheCJIxy4iqqGOmlgkAcMtINx9fT eveRCEkTfq8mKfFjGHIaUQxKW4F57I 1A5W5R94ClIwhuH/I6bxSNwKzZTXsm axmcEmqoVDswv7xBgrOYcIUZSNl37F T5OQhFMSNF1cskSQGPYUj6GjnERPr 57IDCOtPOwIoSoR9X1sz9PZFDLOUkD nVnDGokF2tT879aP1PRlZ9TnmaKcDx fFGXMUok1TcMaUEGwYhMNgAXVf7XwC ARgpTOr6hCcxZOXoXPedDTfXdRadhl HBZ2gU1RHDrpELXSD2shFGBXoGb2i N+PJeDHejY9564pRzhyhPzI+fwDbJJ XZ</latexit><latexit sha1_b ase64="U6tOq2J8x7fO4eezqlMYC4K ka4A=">AAACAHicbZDNSsNAFIUn/tb 6F3Xhwk2wCO2mJCLosuDGjVDBtIUmh pvppB06mYSZiVBCNr6KGxeKuPUx3Pk 2TtsstPXAwMe593LnnjBlVCrb/jZW VtfWNzYrW9Xtnd29ffPgsCOTTGDi4o QloheCJIxy4iqqGOmlgkAcMtINx9fT eveRCEkTfq8mKfFjGHIaUQxKW4F57I 1A5W5R94ClIwhuH/I6bxSNwKzZTXsm axmcEmqoVDswv7xBgrOYcIUZSNl37F T5OQhFMSNF1cskSQGPYUj6GjnERPr 57IDCOtPOwIoSoR9X1sz9PZFDLOUkD nVnDGokF2tT879aP1PRlZ9TnmaKcDx fFGXMUok1TcMaUEGwYhMNgAXVf7XwC ARgpTOr6hCcxZOXoXPedDTfXdRadhl HBZ2gU1RHDrpELXSD2shFGBXoGb2i N+PJeDHejY9564pRzhyhPzI+fwDbJJ XZ</latexit>
	
	
	
	
Uˆ(↵
(n)
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training	
Figure 5. (a) schematic of the classical PCA scheme. Separa-
ble probes are used to obtain a full noisy classical description
α˜(n) of the unknown channel Φ(n). Then a classical PCA al-
gorithm finishes the compression task. (b) schematic of the
entanglement-assisted PCA. The original channel Φ(n) with
dimension M is reduced to a new channel Ψ(n) with dimen-
sion MP . The dimension reduction is carried out by two
variational circuits, Bˆ(T )† and Bˆ(T ) training by a classical
algorithm. The training process requires MP squeezed vac-
uum states at the input modes bˆ1 to bˆMP and MP homodyne
measurements at the output modes bˆ′1 to bˆ′MP . (c)(d) illustra-
tion of the performance contrast between the entanglement-
assisted PCA and classical PCA in the parameter space. The
blur is due to measurement uncertainties. While the measure-
ment uncertainties prevent the classical PCA from finding the
principal axis, the entanglement-assisted PCA precisely iden-
tifies the principal axis.
output modes. Ψ(n) is described by the principal compo-
nents c(n). Ψ(n) is obtained by conjugating the original
M -mode channel Φ(n) with a beam-splitter array Bˆ(T ),
as illustrated in the red box of Fig. 5 (b). The con-
struction of the variational circuit is similar to that for
entanglement-assisted SVM shown in Fig. 3 (b), except
that the beam-splitter array for PCA requires the con-
trol of weights on MP modes. The mode reduction is
achieved by leaving the M −MP modes, bˆMP+1 to bˆM ,
in vacuum at the input and discarding M −MP modes,
bˆ′MP+1 to bˆ
′
M , at the output. Due to the conjugation re-
lation of the two beam splitters, the new channel Ψ(n)
remains unitary in the absence of extra loss.
Training stage.— To train the variational circuits,
squeezed vacuum states are injected at the MP input
modes of the channel Ψ(n). A homodyne measurement
is performed on each of the MP output modes, yielding
joint measurement outcomes fT
(
Φ(n)
) ∈ RMP . Since
precise knowledge of Φ(n) is unavailable, we use the
gradient-free SPSA method, in lieu of the gradient de-
scent approach [57], to maximize ‖fT
(
Φ(n)
) ‖2 by tun-
ing the beam-splitter array parameter T based on the
measurement outcome. Note that when there is no noise
in the measurement, the above cost function is convex
with guaranteed convergence. As shown in Fig. 5, the
training process can be performed in a sequential or-
der: the variational circuit is decomposed into Bˆ (T ) =
Bˆ (T1) ◦ Bˆ (T2) ◦ · · · ◦ Bˆ (Tm) ◦ · · · ◦ Bˆ (TMP ). In doing
so, each transform Bˆ (Tm) only takes the mth to Mth
modes as its input. In the mth step, one maximizes
the measurement variance of mode bˆ′m by solely tuning
Bˆ (Tm), with the previous optimized beam-splitter arrays
Bˆ (T ?1 ) ◦ · · · ◦ Bˆ
(
T ?m−1
)
unchanged. Executing the pro-
cess from m = 1 to m = MP , one obtains the optimum
transform T ? to produce Ψ(n) characterized by the PCs.
Utilization stage.— The training yields the optimum
variational circuits parameterized by T ?. To use the
entanglement-assisted PCA, Bˆ† (T ?) is applied on the
M input modes of the channel Φ(N+1), and Bˆ (T ?) is ap-
plied on its M output modes. This results in a reduced-
dimension effective channel with MP modes at both the
input and output.
The reduced-dimensional channel can in turn be
used in other SL tasks. Fig. 7 provides an ex-
ample: the entanglement-assisted PCA is utilized as
the pre-processor of the entanglement-assisted SVM.
Given an M -mode channel Φ(n), prior to utilizing the
entanglement-assisted SVM, one first reduces its dimen-
sion to an MP -mode channel Ψ(n) by the entanglement-
assisted PCA, as illustrated by the components in the
red dashed rectangle. In doing so, the SVM only needs
to process a reduced-dimension channel Ψ(n), thus lead-
ing to a significant speedup in training the SVM.
PCA simulations.— We demonstrate the training of
the first variational circuit, the beam-splitter array
Bˆ (T1), to obtain the reduced-dimension channel associ-
ated with the first PC. The training only needs a single-
mode squeezed vacuum state with mean photon number
NS at the input. We randomly generate channels Φ(n)
with zero-mean Gaussian-distributed α(n)’s and simulate
the quantum noise in the measurement outcome. We
set the covariance matrix to α20Diag [P, 1, 1, · · · , 1] with
P > 1, thus the true PC is obtained by the transform
T ?1 = [1, 0, 0, · · · , 0]. Since we initialize the parameters
T1 randomly, a diagonal covariance matrix is general. We
plot the first element t1 of the normalized vector T1 dur-
ing training and compare it with T ?1 . Similar to what has
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Figure 6. Training process of the entanglement-assisted
PCA. Blue plots: performance of entanglement-assisted PCA;
red plots: the performance of classical PCA. (a) M = 20,
NS = 1, α0 = 0.3, P = 20. (b) M = 100, NS = 1, α0 = 0.4,
P = 100.
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<latexit sha1_base64="BLDNlGvJG3t6FMefgDy n2nrrOUY=">AAAB9HicbZBNS8NAEIYn9avWr6pHL8Ei1EtJRNBjwYvHCrYV2lg22027dLOJu5NCCPkdX jwo4tUf481/47bNQVtfWHh4Z4aZff1YcI2O822V1tY3NrfK25Wd3b39g+rhUUdHiaKsTSMRqQefaCa4Z G3kKNhDrBgJfcG6/uRmVu9OmdI8kveYxswLyUjygFOCxvL6Y4JZmj9mdXmeD6o1p+HMZa+CW0ANCrUG1 a/+MKJJyCRSQbTuuU6MXkYUcipYXuknmsWETsiI9QxKEjLtZfOjc/vMOEM7iJR5Eu25+3siI6HWaeibz pDgWC/XZuZ/tV6CwbWXcRknyCRdLAoSYWNkzxKwh1wxiiI1QKji5labjokiFE1OFROCu/zlVehcNFzDd5 e1plPEUYYTOIU6uHAFTbiFFrSBwhM8wyu8WVPrxXq3PhatJauYOYY/sj5/AMmikgk=</latexit><latexit sha1_base64="BLDNlGvJG3t6FMefgDy n2nrrOUY=">AAAB9HicbZBNS8NAEIYn9avWr6pHL8Ei1EtJRNBjwYvHCrYV2lg22027dLOJu5NCCPkdX jwo4tUf481/47bNQVtfWHh4Z4aZff1YcI2O822V1tY3NrfK25Wd3b39g+rhUUdHiaKsTSMRqQefaCa4Z G3kKNhDrBgJfcG6/uRmVu9OmdI8kveYxswLyUjygFOCxvL6Y4JZmj9mdXmeD6o1p+HMZa+CW0ANCrUG1 a/+MKJJyCRSQbTuuU6MXkYUcipYXuknmsWETsiI9QxKEjLtZfOjc/vMOEM7iJR5Eu25+3siI6HWaeibz pDgWC/XZuZ/tV6CwbWXcRknyCRdLAoSYWNkzxKwh1wxiiI1QKji5labjokiFE1OFROCu/zlVehcNFzDd5 e1plPEUYYTOIU6uHAFTbiFFrSBwhM8wyu8WVPrxXq3PhatJauYOYY/sj5/AMmikgk=</latexit><latexit sha1_base64="BLDNlGvJG3t6FMefgDy n2nrrOUY=">AAAB9HicbZBNS8NAEIYn9avWr6pHL8Ei1EtJRNBjwYvHCrYV2lg22027dLOJu5NCCPkdX jwo4tUf481/47bNQVtfWHh4Z4aZff1YcI2O822V1tY3NrfK25Wd3b39g+rhUUdHiaKsTSMRqQefaCa4Z G3kKNhDrBgJfcG6/uRmVu9OmdI8kveYxswLyUjygFOCxvL6Y4JZmj9mdXmeD6o1p+HMZa+CW0ANCrUG1 a/+MKJJyCRSQbTuuU6MXkYUcipYXuknmsWETsiI9QxKEjLtZfOjc/vMOEM7iJR5Eu25+3siI6HWaeibz pDgWC/XZuZ/tV6CwbWXcRknyCRdLAoSYWNkzxKwh1wxiiI1QKji5labjokiFE1OFROCu/zlVehcNFzDd5 e1plPEUYYTOIU6uHAFTbiFFrSBwhM8wyu8WVPrxXq3PhatJauYOYY/sj5/AMmikgk=</latexit><latexit sha1_base64="BLDNlGvJG3t6FMefgDy n2nrrOUY=">AAAB9HicbZBNS8NAEIYn9avWr6pHL8Ei1EtJRNBjwYvHCrYV2lg22027dLOJu5NCCPkdX jwo4tUf481/47bNQVtfWHh4Z4aZff1YcI2O822V1tY3NrfK25Wd3b39g+rhUUdHiaKsTSMRqQefaCa4Z G3kKNhDrBgJfcG6/uRmVu9OmdI8kveYxswLyUjygFOCxvL6Y4JZmj9mdXmeD6o1p+HMZa+CW0ANCrUG1 a/+MKJJyCRSQbTuuU6MXkYUcipYXuknmsWETsiI9QxKEjLtZfOjc/vMOEM7iJR5Eu25+3siI6HWaeibz pDgWC/XZuZ/tV6CwbWXcRknyCRdLAoSYWNkzxKwh1wxiiI1QKji5labjokiFE1OFROCu/zlVehcNFzDd5 e1plPEUYYTOIU6uHAFTbiFFrSBwhM8wyu8WVPrxXq3PhatJauYOYY/sj5/AMmikgk=</latexit>
Classical	control	
Training	
Decision	
sign(yˆ(n))
<latexit sha1_base64="CDx2M+mZrID0i5MFsnR3Rb9rzLc=" >AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EitJuSiKDLghuXFewFmlgm02k7dDIJMydCCMGNr+LGhSJufQp3vo3TNgtt/WHg4z/ncOb 8QSy4Bsf5tlZW19Y3Nktb5e2d3b19++CwraNEUdaikYhUNyCaCS5ZCzgI1o0VI2EgWCeYXE/rnQemNI/kHaQx80MyknzIKQFj9e3 jzFMh1nwk86o3JpCl+X1WlbW81rcrTt2ZCS+DW0AFFWr27S9vENEkZBKoIFr3XCcGPyMKOBUsL3uJZjGhEzJiPYOShEz72eyEHJ8 ZZ4CHkTJPAp65vycyEmqdhoHpDAmM9WJtav5X6yUwvPIzLuMEmKTzRcNEYIjwNA884IpREKkBQhU3f8V0TBShYFIrmxDcxZOXoX1 edw3fXlQaThFHCZ2gU1RFLrpEDXSDmqiFKHpEz+gVvVlP1ov1bn3MW1esYuYI/ZH1+QPliZcH</latexit><latexit sha1_base64="CDx2M+mZrID0i5MFsnR3Rb9rzLc=" >AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EitJuSiKDLghuXFewFmlgm02k7dDIJMydCCMGNr+LGhSJufQp3vo3TNgtt/WHg4z/ncOb 8QSy4Bsf5tlZW19Y3Nktb5e2d3b19++CwraNEUdaikYhUNyCaCS5ZCzgI1o0VI2EgWCeYXE/rnQemNI/kHaQx80MyknzIKQFj9e3 jzFMh1nwk86o3JpCl+X1WlbW81rcrTt2ZCS+DW0AFFWr27S9vENEkZBKoIFr3XCcGPyMKOBUsL3uJZjGhEzJiPYOShEz72eyEHJ8 ZZ4CHkTJPAp65vycyEmqdhoHpDAmM9WJtav5X6yUwvPIzLuMEmKTzRcNEYIjwNA884IpREKkBQhU3f8V0TBShYFIrmxDcxZOXoX1 edw3fXlQaThFHCZ2gU1RFLrpEDXSDmqiFKHpEz+gVvVlP1ov1bn3MW1esYuYI/ZH1+QPliZcH</latexit><latexit sha1_base64="CDx2M+mZrID0i5MFsnR3Rb9rzLc=" >AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EitJuSiKDLghuXFewFmlgm02k7dDIJMydCCMGNr+LGhSJufQp3vo3TNgtt/WHg4z/ncOb 8QSy4Bsf5tlZW19Y3Nktb5e2d3b19++CwraNEUdaikYhUNyCaCS5ZCzgI1o0VI2EgWCeYXE/rnQemNI/kHaQx80MyknzIKQFj9e3 jzFMh1nwk86o3JpCl+X1WlbW81rcrTt2ZCS+DW0AFFWr27S9vENEkZBKoIFr3XCcGPyMKOBUsL3uJZjGhEzJiPYOShEz72eyEHJ8 ZZ4CHkTJPAp65vycyEmqdhoHpDAmM9WJtav5X6yUwvPIzLuMEmKTzRcNEYIjwNA884IpREKkBQhU3f8V0TBShYFIrmxDcxZOXoX1 edw3fXlQaThFHCZ2gU1RFLrpEDXSDmqiFKHpEz+gVvVlP1ov1bn3MW1esYuYI/ZH1+QPliZcH</latexit><latexit sha1_base64="CDx2M+mZrID0i5MFsnR3Rb9rzLc=" >AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EitJuSiKDLghuXFewFmlgm02k7dDIJMydCCMGNr+LGhSJufQp3vo3TNgtt/WHg4z/ncOb 8QSy4Bsf5tlZW19Y3Nktb5e2d3b19++CwraNEUdaikYhUNyCaCS5ZCzgI1o0VI2EgWCeYXE/rnQemNI/kHaQx80MyknzIKQFj9e3 jzFMh1nwk86o3JpCl+X1WlbW81rcrTt2ZCS+DW0AFFWr27S9vENEkZBKoIFr3XCcGPyMKOBUsL3uJZjGhEzJiPYOShEz72eyEHJ8 ZZ4CHkTJPAp65vycyEmqdhoHpDAmM9WJtav5X6yUwvPIzLuMEmKTzRcNEYIjwNA884IpREKkBQhU3f8V0TBShYFIrmxDcxZOXoX1 edw3fXlQaThFHCZ2gU1RFLrpEDXSDmqiFKHpEz+gVvVlP1ov1bn3MW1esYuYI/ZH1+QPliZcH</latexit>
y(n)
<latexit s ha1_base64="Xd6efM OKS8G2aKzV+3pO1wAGi TM=">AAAB7nicbZBNS 8NAEIYnftb6VfXoZbE I9VISEfRY8OKxgv2ANp bNdtMu3WzC7kQIoT/C iwdFvPp7vPlv3LY5aOs LCw/vzLAzb5BIYdB1v 5219Y3Nre3STnl3b//g sHJ03DZxqhlvsVjGuh tQw6VQvIUCJe8mmtMo kLwTTG5n9c4T10bE6gG zhPsRHSkRCkbRWp3sM a+pi+mgUnXr7lxkFbwC qlCoOah89YcxSyOukE lqTM9zE/RzqlEwyaflf mp4QtmEjnjPoqIRN34 +X3dKzq0zJGGs7VNI5 u7viZxGxmRRYDsjimOz XJuZ/9V6KYY3fi5Uki JXbPFRmEqCMZndToZCc 4Yys0CZFnZXwsZUU4Y 2obINwVs+eRXal3XP8v 1VteEWcZTgFM6gBh5c QwPuoAktYDCBZ3iFNyd xXpx352PRuuYUMyfwR 87nD+/wjzw=</latex it><latexit s ha1_base64="Xd6efM OKS8G2aKzV+3pO1wAGi TM=">AAAB7nicbZBNS 8NAEIYnftb6VfXoZbE I9VISEfRY8OKxgv2ANp bNdtMu3WzC7kQIoT/C iwdFvPp7vPlv3LY5aOs LCw/vzLAzb5BIYdB1v 5219Y3Nre3STnl3b//g sHJ03DZxqhlvsVjGuh tQw6VQvIUCJe8mmtMo kLwTTG5n9c4T10bE6gG zhPsRHSkRCkbRWp3sM a+pi+mgUnXr7lxkFbwC qlCoOah89YcxSyOukE lqTM9zE/RzqlEwyaflf mp4QtmEjnjPoqIRN34 +X3dKzq0zJGGs7VNI5 u7viZxGxmRRYDsjimOz XJuZ/9V6KYY3fi5Uki JXbPFRmEqCMZndToZCc 4Yys0CZFnZXwsZUU4Y 2obINwVs+eRXal3XP8v 1VteEWcZTgFM6gBh5c QwPuoAktYDCBZ3iFNyd xXpx352PRuuYUMyfwR 87nD+/wjzw=</latex it><latexit s ha1_base64="Xd6efM OKS8G2aKzV+3pO1wAGi TM=">AAAB7nicbZBNS 8NAEIYnftb6VfXoZbE I9VISEfRY8OKxgv2ANp bNdtMu3WzC7kQIoT/C iwdFvPp7vPlv3LY5aOs LCw/vzLAzb5BIYdB1v 5219Y3Nre3STnl3b//g sHJ03DZxqhlvsVjGuh tQw6VQvIUCJe8mmtMo kLwTTG5n9c4T10bE6gG zhPsRHSkRCkbRWp3sM a+pi+mgUnXr7lxkFbwC qlCoOah89YcxSyOukE lqTM9zE/RzqlEwyaflf mp4QtmEjnjPoqIRN34 +X3dKzq0zJGGs7VNI5 u7viZxGxmRRYDsjimOz XJuZ/9V6KYY3fi5Uki JXbPFRmEqCMZndToZCc 4Yys0CZFnZXwsZUU4Y 2obINwVs+eRXal3XP8v 1VteEWcZTgFM6gBh5c QwPuoAktYDCBZ3iFNyd xXpx352PRuuYUMyfwR 87nD+/wjzw=</latex it><latexit s ha1_base64="Xd6efM OKS8G2aKzV+3pO1wAGi TM=">AAAB7nicbZBNS 8NAEIYnftb6VfXoZbE I9VISEfRY8OKxgv2ANp bNdtMu3WzC7kQIoT/C iwdFvPp7vPlv3LY5aOs LCw/vzLAzb5BIYdB1v 5219Y3Nre3STnl3b//g sHJ03DZxqhlvsVjGuh tQw6VQvIUCJe8mmtMo kLwTTG5n9c4T10bE6gG zhPsRHSkRCkbRWp3sM a+pi+mgUnXr7lxkFbwC qlCoOah89YcxSyOukE lqTM9zE/RzqlEwyaflf mp4QtmEjnjPoqIRN34 +X3dKzq0zJGGs7VNI5 u7viZxGxmRRYDsjimOz XJuZ/9V6KYY3fi5Uki JXbPFRmEqCMZndToZCc 4Yys0CZFnZXwsZUU4Y 2obINwVs+eRXal3XP8v 1VteEWcZTgFM6gBh5c QwPuoAktYDCBZ3iFNyd xXpx352PRuuYUMyfwR 87nD+/wjzw=</latex it>
fw( 
(n)) + b
<latexit sha1_base64="z7B2jfmSC8Vw6ep1eDStZwKeSqA=">AAACAHicbZDLSsNAFIZPvNZ6i7pw4WawCC1CSUTQZdGNywr2Ak0tk+mk HTqZhJmJUkI2voobF4q49THc+TZO2yy09YeBj/+cw5nz+zFnSjvOt7W0vLK6tl7YKG5ube/s2nv7TRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o+tJvfVApWKRuNPjmHZDPBAsYARrY/Xsw6CXen6AHrOyVx+y+7QsKlnl1O/ZJafqTIUWwc2hBLnqPfvL60ckCanQhGOlOq4T626KpWaE 06zoJYrGmIzwgHYMChxS1U2nB2ToxDh9FETSPKHR1P09keJQqXHom84Q66Gar03M/2qdRAeX3ZSJONFUkNmiIOFIR2iSBuozSYnmYwOYSGb+isgQS0y0yaxoQnDnT16E5lnVNXx7Xqpd5XEU4AiOoQwuXEANbqAODSCQwTO8wpv1ZL1Y79bHrHXJymcO4I+szx8u+pV5</latexit><latexit sha1_base64="z7B2jfmSC8Vw6ep1eDStZwKeSqA=">AAACAHicbZDLSsNAFIZPvNZ6i7pw4WawCC1CSUTQZdGNywr2Ak0tk+mk HTqZhJmJUkI2voobF4q49THc+TZO2yy09YeBj/+cw5nz+zFnSjvOt7W0vLK6tl7YKG5ube/s2nv7TRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o+tJvfVApWKRuNPjmHZDPBAsYARrY/Xsw6CXen6AHrOyVx+y+7QsKlnl1O/ZJafqTIUWwc2hBLnqPfvL60ckCanQhGOlOq4T626KpWaE 06zoJYrGmIzwgHYMChxS1U2nB2ToxDh9FETSPKHR1P09keJQqXHom84Q66Gar03M/2qdRAeX3ZSJONFUkNmiIOFIR2iSBuozSYnmYwOYSGb+isgQS0y0yaxoQnDnT16E5lnVNXx7Xqpd5XEU4AiOoQwuXEANbqAODSCQwTO8wpv1ZL1Y79bHrHXJymcO4I+szx8u+pV5</latexit><latexit sha1_base64="z7B2jfmSC8Vw6ep1eDStZwKeSqA=">AAACAHicbZDLSsNAFIZPvNZ6i7pw4WawCC1CSUTQZdGNywr2Ak0tk+mk HTqZhJmJUkI2voobF4q49THc+TZO2yy09YeBj/+cw5nz+zFnSjvOt7W0vLK6tl7YKG5ube/s2nv7TRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o+tJvfVApWKRuNPjmHZDPBAsYARrY/Xsw6CXen6AHrOyVx+y+7QsKlnl1O/ZJafqTIUWwc2hBLnqPfvL60ckCanQhGOlOq4T626KpWaE 06zoJYrGmIzwgHYMChxS1U2nB2ToxDh9FETSPKHR1P09keJQqXHom84Q66Gar03M/2qdRAeX3ZSJONFUkNmiIOFIR2iSBuozSYnmYwOYSGb+isgQS0y0yaxoQnDnT16E5lnVNXx7Xqpd5XEU4AiOoQwuXEANbqAODSCQwTO8wpv1ZL1Y79bHrHXJymcO4I+szx8u+pV5</latexit><latexit sha1_base64="z7B2jfmSC8Vw6ep1eDStZwKeSqA=">AAACAHicbZDLSsNAFIZPvNZ6i7pw4WawCC1CSUTQZdGNywr2Ak0tk+mk HTqZhJmJUkI2voobF4q49THc+TZO2yy09YeBj/+cw5nz+zFnSjvOt7W0vLK6tl7YKG5ube/s2nv7TRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o+tJvfVApWKRuNPjmHZDPBAsYARrY/Xsw6CXen6AHrOyVx+y+7QsKlnl1O/ZJafqTIUWwc2hBLnqPfvL60ckCanQhGOlOq4T626KpWaE 06zoJYrGmIzwgHYMChxS1U2nB2ToxDh9FETSPKHR1P09keJQqXHom84Q66Gar03M/2qdRAeX3ZSJONFUkNmiIOFIR2iSBuozSYnmYwOYSGb+isgQS0y0yaxoQnDnT16E5lnVNXx7Xqpd5XEU4AiOoQwuXEANbqAODSCQwTO8wpv1ZL1Y79bHrHXJymcO4I+szx8u+pV5</latexit>
Vacuum	
bˆ1
	
	
bˆM
bˆ01
<latexit sha1_base6 4="Mg/vesppXDZ2P3bxRyDpJAuQnZY=">AAAB +XicbZDLSsNAFIZPvNZ6i7p0M1iErkoigi4Lb lxWsBdoYphMJ+3QmUmYmRRK6Ju4caGIW9/EnW/ jtM1CW38Y+PjPOZwzf5xxpo3nfTsbm1vbO7uV ver+weHRsXty2tFprghtk5SnqhdjTTmTtG2Y4 bSXKYpFzGk3Ht/N690JVZql8tFMMxoKPJQsYQ Qba0WuG4ywKeJZ5D8FmWKCRm7Na3gLoXXwS6h BqVbkfgWDlOSCSkM41rrve5kJC6wMI5zOqkGu aYbJGA9p36LEguqwWFw+Q5fWGaAkVfZJgxbu74 kCC62nIradApuRXq3Nzf9q/dwkt2HBZJYbKsl yUZJzZFI0jwENmKLE8KkFTBSztyIywgoTY8Oq 2hD81S+vQ+eq4Vt+uK4162UcFTiHC6iDDzfQh HtoQRsITOAZXuHNKZwX5935WLZuOOXMGfyR8/ kDmz6Tiw==</latexit><latexit sha1_base6 4="Mg/vesppXDZ2P3bxRyDpJAuQnZY=">AAAB +XicbZDLSsNAFIZPvNZ6i7p0M1iErkoigi4Lb lxWsBdoYphMJ+3QmUmYmRRK6Ju4caGIW9/EnW/ jtM1CW38Y+PjPOZwzf5xxpo3nfTsbm1vbO7uV ver+weHRsXty2tFprghtk5SnqhdjTTmTtG2Y4 bSXKYpFzGk3Ht/N690JVZql8tFMMxoKPJQsYQ Qba0WuG4ywKeJZ5D8FmWKCRm7Na3gLoXXwS6h BqVbkfgWDlOSCSkM41rrve5kJC6wMI5zOqkGu aYbJGA9p36LEguqwWFw+Q5fWGaAkVfZJgxbu74 kCC62nIradApuRXq3Nzf9q/dwkt2HBZJYbKsl yUZJzZFI0jwENmKLE8KkFTBSztyIywgoTY8Oq 2hD81S+vQ+eq4Vt+uK4162UcFTiHC6iDDzfQh HtoQRsITOAZXuHNKZwX5935WLZuOOXMGfyR8/ kDmz6Tiw==</latexit><latexit sha1_base6 4="Mg/vesppXDZ2P3bxRyDpJAuQnZY=">AAAB +XicbZDLSsNAFIZPvNZ6i7p0M1iErkoigi4Lb lxWsBdoYphMJ+3QmUmYmRRK6Ju4caGIW9/EnW/ jtM1CW38Y+PjPOZwzf5xxpo3nfTsbm1vbO7uV ver+weHRsXty2tFprghtk5SnqhdjTTmTtG2Y4 bSXKYpFzGk3Ht/N690JVZql8tFMMxoKPJQsYQ Qba0WuG4ywKeJZ5D8FmWKCRm7Na3gLoXXwS6h BqVbkfgWDlOSCSkM41rrve5kJC6wMI5zOqkGu aYbJGA9p36LEguqwWFw+Q5fWGaAkVfZJgxbu74 kCC62nIradApuRXq3Nzf9q/dwkt2HBZJYbKsl yUZJzZFI0jwENmKLE8KkFTBSztyIywgoTY8Oq 2hD81S+vQ+eq4Vt+uK4162UcFTiHC6iDDzfQh HtoQRsITOAZXuHNKZwX5935WLZuOOXMGfyR8/ kDmz6Tiw==</latexit><latexit sha1_base6 4="Mg/vesppXDZ2P3bxRyDpJAuQnZY=">AAAB +XicbZDLSsNAFIZPvNZ6i7p0M1iErkoigi4Lb lxWsBdoYphMJ+3QmUmYmRRK6Ju4caGIW9/EnW/ jtM1CW38Y+PjPOZwzf5xxpo3nfTsbm1vbO7uV ver+weHRsXty2tFprghtk5SnqhdjTTmTtG2Y4 bSXKYpFzGk3Ht/N690JVZql8tFMMxoKPJQsYQ Qba0WuG4ywKeJZ5D8FmWKCRm7Na3gLoXXwS6h BqVbkfgWDlOSCSkM41rrve5kJC6wMI5zOqkGu aYbJGA9p36LEguqwWFw+Q5fWGaAkVfZJgxbu74 kCC62nIradApuRXq3Nzf9q/dwkt2HBZJYbKsl yUZJzZFI0jwENmKLE8KkFTBSztyIywgoTY8Oq 2hD81S+vQ+eq4Vt+uK4162UcFTiHC6iDDzfQh HtoQRsITOAZXuHNKZwX5935WLZuOOXMGfyR8/ kDmz6Tiw==</latexit>
bˆ0M
<latexit sha1_base64 ="6IkWDOZ7l+wSsEj6/0WXmpv3/IU=">AAAB+X icbZDLSgMxFIYz9VbrbdSlm2ARuiozIuiy4MaNU MFeoDMOmTRtQ5PMkJwplKFv4saFIm59E3e+jWk 7C239IfDxn3M4J3+cCm7A876d0sbm1vZOebeyt3 9weOQen7RNkmnKWjQRie7GxDDBFWsBB8G6qWZE xoJ14vHtvN6ZMG14oh5hmrJQkqHiA04JWCty3WB EII9n0f1TkGouWeRWvbq3EF4Hv4AqKtSM3K+gn 9BMMgVUEGN6vpdCmBMNnAo2qwSZYSmhYzJkPYuK SGbCfHH5DF9Yp48HibZPAV64vydyIo2Zyth2Sg Ijs1qbm//VehkMbsKcqzQDpuhy0SATGBI8jwH3u WYUxNQCoZrbWzEdEU0o2LAqNgR/9cvr0L6s+5Y frqqNWhFHGZ2hc1RDPrpGDXSHmqiFKJqgZ/SK3p zceXHenY9la8kpZk7RHzmfP8Zyk6c=</latexi t><latexit sha1_base64 ="6IkWDOZ7l+wSsEj6/0WXmpv3/IU=">AAAB+X icbZDLSgMxFIYz9VbrbdSlm2ARuiozIuiy4MaNU MFeoDMOmTRtQ5PMkJwplKFv4saFIm59E3e+jWk 7C239IfDxn3M4J3+cCm7A876d0sbm1vZOebeyt3 9weOQen7RNkmnKWjQRie7GxDDBFWsBB8G6qWZE xoJ14vHtvN6ZMG14oh5hmrJQkqHiA04JWCty3WB EII9n0f1TkGouWeRWvbq3EF4Hv4AqKtSM3K+gn 9BMMgVUEGN6vpdCmBMNnAo2qwSZYSmhYzJkPYuK SGbCfHH5DF9Yp48HibZPAV64vydyIo2Zyth2Sg Ijs1qbm//VehkMbsKcqzQDpuhy0SATGBI8jwH3u WYUxNQCoZrbWzEdEU0o2LAqNgR/9cvr0L6s+5Y frqqNWhFHGZ2hc1RDPrpGDXSHmqiFKJqgZ/SK3p zceXHenY9la8kpZk7RHzmfP8Zyk6c=</latexi t><latexit sha1_base64 ="6IkWDOZ7l+wSsEj6/0WXmpv3/IU=">AAAB+X icbZDLSgMxFIYz9VbrbdSlm2ARuiozIuiy4MaNU MFeoDMOmTRtQ5PMkJwplKFv4saFIm59E3e+jWk 7C239IfDxn3M4J3+cCm7A876d0sbm1vZOebeyt3 9weOQen7RNkmnKWjQRie7GxDDBFWsBB8G6qWZE xoJ14vHtvN6ZMG14oh5hmrJQkqHiA04JWCty3WB EII9n0f1TkGouWeRWvbq3EF4Hv4AqKtSM3K+gn 9BMMgVUEGN6vpdCmBMNnAo2qwSZYSmhYzJkPYuK SGbCfHH5DF9Yp48HibZPAV64vydyIo2Zyth2Sg Ijs1qbm//VehkMbsKcqzQDpuhy0SATGBI8jwH3u WYUxNQCoZrbWzEdEU0o2LAqNgR/9cvr0L6s+5Y frqqNWhFHGZ2hc1RDPrpGDXSHmqiFKJqgZ/SK3p zceXHenY9la8kpZk7RHzmfP8Zyk6c=</latexi t><latexit sha1_base64 ="6IkWDOZ7l+wSsEj6/0WXmpv3/IU=">AAAB+X icbZDLSgMxFIYz9VbrbdSlm2ARuiozIuiy4MaNU MFeoDMOmTRtQ5PMkJwplKFv4saFIm59E3e+jWk 7C239IfDxn3M4J3+cCm7A876d0sbm1vZOebeyt3 9weOQen7RNkmnKWjQRie7GxDDBFWsBB8G6qWZE xoJ14vHtvN6ZMG14oh5hmrJQkqHiA04JWCty3WB EII9n0f1TkGouWeRWvbq3EF4Hv4AqKtSM3K+gn 9BMMgVUEGN6vpdCmBMNnAo2qwSZYSmhYzJkPYuK SGbCfHH5DF9Yp48HibZPAV64vydyIo2Zyth2Sg Ijs1qbm//VehkMbsKcqzQDpuhy0SATGBI8jwH3u WYUxNQCoZrbWzEdEU0o2LAqNgR/9cvr0L6s+5Y frqqNWhFHGZ2hc1RDPrpGDXSHmqiFKJqgZ/SK3p zceXHenY9la8kpZk7RHzmfP8Zyk6c=</latexi t>
 (n)
<latexit sha1_base6 4="1+/WOUdkZrLACRP7YX8SBnoFx28=">AAAB 8XicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHg hePFewHtrFstpN26WYTdjdCCf0XXjwo4tV/48 1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG 4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm 4EdhJFNIoENgOxjezevsJleaxvDeTBP2IDiUP OaPGWg+9xog/ZlV5Pu2XK27NnYusgpdDBXI1+ uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKB vTIXYtShqh9rP5xlNyZp0BCWNlnzRk7v6eyGi k9SQKbGdEzUgv12bmf7VuasJrP+MySQ1Ktvgo TAUxMZmdTwZcITNiYoEyxe2uhI2ooszYkEo2 BG/55FVoXdQ8y3eXlbqbx1GEEziFKnhwBXW4h QY0gYGEZ3iFN0c7L86787FoLTj5zDH8kfP5A/ EokF4=</latexit><latexit sha1_base6 4="1+/WOUdkZrLACRP7YX8SBnoFx28=">AAAB 8XicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHg hePFewHtrFstpN26WYTdjdCCf0XXjwo4tV/48 1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG 4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm 4EdhJFNIoENgOxjezevsJleaxvDeTBP2IDiUP OaPGWg+9xog/ZlV5Pu2XK27NnYusgpdDBXI1+ uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKB vTIXYtShqh9rP5xlNyZp0BCWNlnzRk7v6eyGi k9SQKbGdEzUgv12bmf7VuasJrP+MySQ1Ktvgo TAUxMZmdTwZcITNiYoEyxe2uhI2ooszYkEo2 BG/55FVoXdQ8y3eXlbqbx1GEEziFKnhwBXW4h QY0gYGEZ3iFN0c7L86787FoLTj5zDH8kfP5A/ EokF4=</latexit><latexit sha1_base6 4="1+/WOUdkZrLACRP7YX8SBnoFx28=">AAAB 8XicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHg hePFewHtrFstpN26WYTdjdCCf0XXjwo4tV/48 1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG 4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm 4EdhJFNIoENgOxjezevsJleaxvDeTBP2IDiUP OaPGWg+9xog/ZlV5Pu2XK27NnYusgpdDBXI1+ uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKB vTIXYtShqh9rP5xlNyZp0BCWNlnzRk7v6eyGi k9SQKbGdEzUgv12bmf7VuasJrP+MySQ1Ktvgo TAUxMZmdTwZcITNiYoEyxe2uhI2ooszYkEo2 BG/55FVoXdQ8y3eXlbqbx1GEEziFKnhwBXW4h QY0gYGEZ3iFN0c7L86787FoLTj5zDH8kfP5A/ EokF4=</latexit><latexit sha1_base6 4="1+/WOUdkZrLACRP7YX8SBnoFx28=">AAAB 8XicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHg hePFewHtrFstpN26WYTdjdCCf0XXjwo4tV/48 1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG 4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm 4EdhJFNIoENgOxjezevsJleaxvDeTBP2IDiUP OaPGWg+9xog/ZlV5Pu2XK27NnYusgpdDBXI1+ uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKB vTIXYtShqh9rP5xlNyZp0BCWNlnzRk7v6eyGi k9SQKbGdEzUgv12bmf7VuasJrP+MySQ1Ktvgo TAUxMZmdTwZcITNiYoEyxe2uhI2ooszYkEo2 BG/55FVoXdQ8y3eXlbqbx1GEEziFKnhwBXW4h QY0gYGEZ3iFN0c7L86787FoLTj5zDH8kfP5A/ EokF4=</latexit>
bˆMP
<latexit sha1_bas e64="+D/Wjua8AZYJxUbMwhG1YTywxoQ= ">AAAB9HicbZBNS8NAEIYn9avWr6pHL8E ieCqJFPRY8OJFqGA/oA1hs920SzebuDsp lJDf4cWDIl79Md78N27bHLT1hYWHd2aY2 TdIBNfoON9WaWNza3unvFvZ2z84PKoen3 R0nCrK2jQWseoFRDPBJWsjR8F6iWIkCgT rBpPbeb07ZUrzWD7iLGFeREaSh5wSNJY3 GBPMgtzP7v1W7ldrTt1ZyF4Ht4AaFGr51 a/BMKZpxCRSQbTuu06CXkYUcipYXhmkmi WETsiI9Q1KEjHtZYujc/vCOEM7jJV5Eu2 F+3siI5HWsygwnRHBsV6tzc3/av0Uwxsv 4zJJkUm6XBSmwsbYnidgD7liFMXMAKGKm 1ttOiaKUDQ5VUwI7uqX16FzVXcNPzRqzU YRRxnO4BwuwYVraMIdtKANFJ7gGV7hzZp aL9a79bFsLVnFzCn8kfX5AwXdkjQ=</la texit><latexit sha1_bas e64="+D/Wjua8AZYJxUbMwhG1YTywxoQ= ">AAAB9HicbZBNS8NAEIYn9avWr6pHL8E ieCqJFPRY8OJFqGA/oA1hs920SzebuDsp lJDf4cWDIl79Md78N27bHLT1hYWHd2aY2 TdIBNfoON9WaWNza3unvFvZ2z84PKoen3 R0nCrK2jQWseoFRDPBJWsjR8F6iWIkCgT rBpPbeb07ZUrzWD7iLGFeREaSh5wSNJY3 GBPMgtzP7v1W7ldrTt1ZyF4Ht4AaFGr51 a/BMKZpxCRSQbTuu06CXkYUcipYXhmkmi WETsiI9Q1KEjHtZYujc/vCOEM7jJV5Eu2 F+3siI5HWsygwnRHBsV6tzc3/av0Uwxsv 4zJJkUm6XBSmwsbYnidgD7liFMXMAKGKm 1ttOiaKUDQ5VUwI7uqX16FzVXcNPzRqzU YRRxnO4BwuwYVraMIdtKANFJ7gGV7hzZp aL9a79bFsLVnFzCn8kfX5AwXdkjQ=</la texit><latexit sha1_bas e64="+D/Wjua8AZYJxUbMwhG1YTywxoQ= ">AAAB9HicbZBNS8NAEIYn9avWr6pHL8E ieCqJFPRY8OJFqGA/oA1hs920SzebuDsp lJDf4cWDIl79Md78N27bHLT1hYWHd2aY2 TdIBNfoON9WaWNza3unvFvZ2z84PKoen3 R0nCrK2jQWseoFRDPBJWsjR8F6iWIkCgT rBpPbeb07ZUrzWD7iLGFeREaSh5wSNJY3 GBPMgtzP7v1W7ldrTt1ZyF4Ht4AaFGr51 a/BMKZpxCRSQbTuu06CXkYUcipYXhmkmi WETsiI9Q1KEjHtZYujc/vCOEM7jJV5Eu2 F+3siI5HWsygwnRHBsV6tzc3/av0Uwxsv 4zJJkUm6XBSmwsbYnidgD7liFMXMAKGKm 1ttOiaKUDQ5VUwI7uqX16FzVXcNPzRqzU YRRxnO4BwuwYVraMIdtKANFJ7gGV7hzZp aL9a79bFsLVnFzCn8kfX5AwXdkjQ=</la texit><latexit sha1_bas e64="+D/Wjua8AZYJxUbMwhG1YTywxoQ= ">AAAB9HicbZBNS8NAEIYn9avWr6pHL8E ieCqJFPRY8OJFqGA/oA1hs920SzebuDsp lJDf4cWDIl79Md78N27bHLT1hYWHd2aY2 TdIBNfoON9WaWNza3unvFvZ2z84PKoen3 R0nCrK2jQWseoFRDPBJWsjR8F6iWIkCgT rBpPbeb07ZUrzWD7iLGFeREaSh5wSNJY3 GBPMgtzP7v1W7ldrTt1ZyF4Ht4AaFGr51 a/BMKZpxCRSQbTuu06CXkYUcipYXhmkmi WETsiI9Q1KEjHtZYujc/vCOEM7jJV5Eu2 F+3siI5HWsygwnRHBsV6tzc3/av0Uwxsv 4zJJkUm6XBSmwsbYnidgD7liFMXMAKGKm 1ttOiaKUDQ5VUwI7uqX16FzVXcNPzRqzU YRRxnO4BwuwYVraMIdtKANFJ7gGV7hzZp aL9a79bFsLVnFzCn8kfX5AwXdkjQ=</la texit>
bˆ0MP
<latexit sha1_base64="It/4CwZRPHn ZjMYV2zbBvmMN8ko=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4KokUtBlwY0bo YK9QBPDZDpth84kYeZEqCH4Km5cKOLW93Dn2zhts9DWHwY+/nMO58wfJoJrcJxvq 7Syura+Ud6sbG3v7O7Z+wdtHaeKshaNRay6IdFM8Ii1gINg3UQxIkPBOuH4alrvP DCleRzdwSRhviTDiA84JWCswD7yRgSyML/3EsUlC7KboJkHdtWpOTPhZXALqKJCz cD+8voxTSWLgAqidc91EvAzooBTwfKKl2qWEDomQ9YzGBHJtJ/Nrs/xqXH6eBAr8 yLAM/f3REak1hMZmk5JYKQXa1Pzv1ovhcGln/EoSYFFdL5okAoMMZ5GgftcMQpiYo BQxc2tmI6IIhRMYBUTgrv45WVon9dcw7f1aqNexFFGx+gEnSEXXaAGukZN1EIUPa Jn9IrerCfrxXq3PuatJauYOUR/ZH3+AP1mlYI=</latexit><latexit sha1_base64="It/4CwZRPHn ZjMYV2zbBvmMN8ko=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4KokUtBlwY0bo YK9QBPDZDpth84kYeZEqCH4Km5cKOLW93Dn2zhts9DWHwY+/nMO58wfJoJrcJxvq 7Syura+Ud6sbG3v7O7Z+wdtHaeKshaNRay6IdFM8Ii1gINg3UQxIkPBOuH4alrvP DCleRzdwSRhviTDiA84JWCswD7yRgSyML/3EsUlC7KboJkHdtWpOTPhZXALqKJCz cD+8voxTSWLgAqidc91EvAzooBTwfKKl2qWEDomQ9YzGBHJtJ/Nrs/xqXH6eBAr8 yLAM/f3REak1hMZmk5JYKQXa1Pzv1ovhcGln/EoSYFFdL5okAoMMZ5GgftcMQpiYo BQxc2tmI6IIhRMYBUTgrv45WVon9dcw7f1aqNexFFGx+gEnSEXXaAGukZN1EIUPa Jn9IrerCfrxXq3PuatJauYOUR/ZH3+AP1mlYI=</latexit><latexit sha1_base64="It/4CwZRPHn ZjMYV2zbBvmMN8ko=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4KokUtBlwY0bo YK9QBPDZDpth84kYeZEqCH4Km5cKOLW93Dn2zhts9DWHwY+/nMO58wfJoJrcJxvq 7Syura+Ud6sbG3v7O7Z+wdtHaeKshaNRay6IdFM8Ii1gINg3UQxIkPBOuH4alrvP DCleRzdwSRhviTDiA84JWCswD7yRgSyML/3EsUlC7KboJkHdtWpOTPhZXALqKJCz cD+8voxTSWLgAqidc91EvAzooBTwfKKl2qWEDomQ9YzGBHJtJ/Nrs/xqXH6eBAr8 yLAM/f3REak1hMZmk5JYKQXa1Pzv1ovhcGln/EoSYFFdL5okAoMMZ5GgftcMQpiYo BQxc2tmI6IIhRMYBUTgrv45WVon9dcw7f1aqNexFFGx+gEnSEXXaAGukZN1EIUPa Jn9IrerCfrxXq3PuatJauYOUR/ZH3+AP1mlYI=</latexit><latexit sha1_base64="It/4CwZRPHn ZjMYV2zbBvmMN8ko=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4KokUtBlwY0bo YK9QBPDZDpth84kYeZEqCH4Km5cKOLW93Dn2zhts9DWHwY+/nMO58wfJoJrcJxvq 7Syura+Ud6sbG3v7O7Z+wdtHaeKshaNRay6IdFM8Ii1gINg3UQxIkPBOuH4alrvP DCleRzdwSRhviTDiA84JWCswD7yRgSyML/3EsUlC7KboJkHdtWpOTPhZXALqKJCz cD+8voxTSWLgAqidc91EvAzooBTwfKKl2qWEDomQ9YzGBHJtJ/Nrs/xqXH6eBAr8 yLAM/f3REak1hMZmk5JYKQXa1Pzv1ovhcGln/EoSYFFdL5okAoMMZ5GgftcMQpiYo BQxc2tmI6IIhRMYBUTgrv45WVon9dcw7f1aqNexFFGx+gEnSEXXaAGukZN1EIUPa Jn9IrerCfrxXq3PuatJauYOUR/ZH3+AP1mlYI=</latexit>
bˆm
<latexit sha1_ base64="aTqh3JdvB4GdgFxL0xq0 FWw5a20=">AAAB8nicbZDLSsNAFI Yn9VbrrerSzWARXJVEBF0W3LisYC +QhjKZTtqhcwkzJ0IJeQw3LhRx69 O4822ctllo6w8DH/85hznnj1PBLf j+t1fZ2Nza3qnu1vb2Dw6P6scnXa szQ1mHaqFNPyaWCa5YBzgI1k8NIz IWrBdP7+b13hMzlmv1CLOURZKMFU 84JeCscDAhkMfFMJfFsN7wm/5CeB 2CEhqoVHtY/xqMNM0kU0AFsTYM/B SinBjgVLCiNsgsSwmdkjELHSoimY 3yxcoFvnDOCCfauKcAL9zfEzmR1s 5k7DolgYldrc3N/2phBsltlHOVZs AUXX6UZAKDxvP78YgbRkHMHBBquN sV0wkxhIJLqeZCCFZPXofuVTNw/H DdaF2XcVTRGTpHlyhAN6iF7lEbdR BFGj2jV/TmgffivXsfy9aKV86coj /yPn8A2e+RkQ==</latexit><latexit sha1_ base64="aTqh3JdvB4GdgFxL0xq0 FWw5a20=">AAAB8nicbZDLSsNAFI Yn9VbrrerSzWARXJVEBF0W3LisYC +QhjKZTtqhcwkzJ0IJeQw3LhRx69 O4822ctllo6w8DH/85hznnj1PBLf j+t1fZ2Nza3qnu1vb2Dw6P6scnXa szQ1mHaqFNPyaWCa5YBzgI1k8NIz IWrBdP7+b13hMzlmv1CLOURZKMFU 84JeCscDAhkMfFMJfFsN7wm/5CeB 2CEhqoVHtY/xqMNM0kU0AFsTYM/B SinBjgVLCiNsgsSwmdkjELHSoimY 3yxcoFvnDOCCfauKcAL9zfEzmR1s 5k7DolgYldrc3N/2phBsltlHOVZs AUXX6UZAKDxvP78YgbRkHMHBBquN sV0wkxhIJLqeZCCFZPXofuVTNw/H DdaF2XcVTRGTpHlyhAN6iF7lEbdR BFGj2jV/TmgffivXsfy9aKV86coj /yPn8A2e+RkQ==</latexit><latexit sha1_ base64="aTqh3JdvB4GdgFxL0xq0 FWw5a20=">AAAB8nicbZDLSsNAFI Yn9VbrrerSzWARXJVEBF0W3LisYC +QhjKZTtqhcwkzJ0IJeQw3LhRx69 O4822ctllo6w8DH/85hznnj1PBLf j+t1fZ2Nza3qnu1vb2Dw6P6scnXa szQ1mHaqFNPyaWCa5YBzgI1k8NIz IWrBdP7+b13hMzlmv1CLOURZKMFU 84JeCscDAhkMfFMJfFsN7wm/5CeB 2CEhqoVHtY/xqMNM0kU0AFsTYM/B SinBjgVLCiNsgsSwmdkjELHSoimY 3yxcoFvnDOCCfauKcAL9zfEzmR1s 5k7DolgYldrc3N/2phBsltlHOVZs AUXX6UZAKDxvP78YgbRkHMHBBquN sV0wkxhIJLqeZCCFZPXofuVTNw/H DdaF2XcVTRGTpHlyhAN6iF7lEbdR BFGj2jV/TmgffivXsfy9aKV86coj /yPn8A2e+RkQ==</latexit><latexit sha1_ base64="aTqh3JdvB4GdgFxL0xq0 FWw5a20=">AAAB8nicbZDLSsNAFI Yn9VbrrerSzWARXJVEBF0W3LisYC +QhjKZTtqhcwkzJ0IJeQw3LhRx69 O4822ctllo6w8DH/85hznnj1PBLf j+t1fZ2Nza3qnu1vb2Dw6P6scnXa szQ1mHaqFNPyaWCa5YBzgI1k8NIz IWrBdP7+b13hMzlmv1CLOURZKMFU 84JeCscDAhkMfFMJfFsN7wm/5CeB 2CEhqoVHtY/xqMNM0kU0AFsTYM/B SinBjgVLCiNsgsSwmdkjELHSoimY 3yxcoFvnDOCCfauKcAL9zfEzmR1s 5k7DolgYldrc3N/2phBsltlHOVZs AUXX6UZAKDxvP78YgbRkHMHBBquN sV0wkxhIJLqeZCCFZPXofuVTNw/H DdaF2XcVTRGTpHlyhAN6iF7lEbdR BFGj2jV/TmgffivXsfy9aKV86coj /yPn8A2e+RkQ==</latexit>
bˆ0m
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Figure 7. A combined scheme with entanglement-assisted
SVM and PCA. Using multipartite entangled probe states,
the PCA is training to reduce the original M -mode quan-
tum channel Φ(n) (purple rectangle) to a MP -mode quantum
channel Ψ(n) (red dashed box), which is in turn used by the
entanglement-assisted SVM to carry out data classification
tasks.
been done in the entanglement-assisted SVM, we com-
pare the performance of the entanglement-assisted PCA
(blue) with the optimum classical PCA (red) in Fig. 6.
The result shows that while the classical PCA struggles
to find the PC, the entanglement-assisted PCA converges
very close to the actual PC. This is because vacuum noise
dominates the measurements in classical PCA due to a
small variance of α20, leading to a close to symmetric
variances over all modes. In contrast, the entanglement-
assisted PCA leverages the multipartite entanglement to
reduce the vacuum noise and thus is able to obtain the
correct PC. Fig. 5(c) and (d) conceptually illustrate that
entanglement-assisted PCA is able to solve classically in-
tractable problems.
VI. DISCUSSIONS
In this paper, we utilize SLAEN to construct the
entanglement-assisted SVM and PCA. SLAEN only re-
quires off-the-shelf components and are robust against
noise, thus representing a NISQ paradigm for demon-
strating a practical entanglement enhancement over clas-
sical SL schemes without entanglement. SLAEN mea-
sures field-quadrature displacements, but it can be gen-
eralized to cope with other displacements on canonical
conjugate variables including time and frequency, angu-
lar momentum and angle, and number and phase.
Our entanglement-assisted SVM opens new avenues
for ultrasensitive measurements in biological, thermal,
and mechanical systems. A key ingredient for the
entanglement-assisted SVM is transducers that convert
the information carried on the samples into phase mod-
ulation. For example, electro-optic devices can convert
radio-frequency (RF) signals into refractive index shift
of optical materials, which in turn impart phase mod-
ulation on light [27]. In optical biosensors, the evanes-
cent wave of the probe light interacts with the sample,
and the induced phase shift serves as a means to identify
the density and species of the bio-molecule [28]. These
phase shifts, in turn can be transformed into displace-
ment through a Mach-Zehnder interferometer (see Fig. 9
in Appendix C), where for the single-mode case squeezed
state is known to be beneficial [29, 30]. In such a scenario,
the entanglement-assisted SVM enables much more ef-
ficient and sensitive classification on data acquired by
phase sensing than what sensors based on classical light
can afford.
In the given sensing examples, the transducers can be
engineered to introduce nonlinearity when converting the
physical parameters being probed into phase modulation
on the entangled photons. In RF sensing, the intrinsic
nonlinearity of the electro-optic devices can be leveraged.
Likewise, by properly designing the waveguide geometry,
the phase shift induced by optical biosensors can be engi-
neered to be nonlinearly dependent on the density of the
bio-molecules. The introduced measurement nonlinear-
ity would be a key to implement entanglement-assisted
general-kernel SVM.
Before closing, we point out that the proposed
entanglement-assisted SVM applies in a very different
scenarios than existing proposals for quantum SVMs [58].
By transforming the SVM cost function to a quadratic
form [59], quantum speedup is envisaged with mecha-
nisms similar to a linear system of equations [60], assum-
ing qRAMs are available. Determining the exact quan-
tum advantage of such schemes, however, is still ongoing
research. Interestingly, more recent studies of quantum-
inspired classical algorithms have demonstrated capabil-
ities of solving similar problems in certain scenarios [61–
64]. Moreover, due to the channel noise, such quantum
SVM algorithms is not directly applicable to the channel
learning problems.
A few future developments for SLAEN would make
it more widely applicable. First, the binary-hypothesis
entanglement-assisted SVM can be generalized to a
multi-hypothesis SVM by introducing a series of binary
classification tasks [65, 66] or by adding multiple hyper-
9planes [67]. The current SLAEN architecture can be
adapted to accommodate either case. Second, introduc-
ing nonlinear maps into SLAEN would make it capable of
dealing with nonlinear data classification and compres-
sion problems. Third, an extension of the CV sensing
scheme to incorporate DV sensing of phase rotations is
another interesting open problem. Ref. [68] presents a
proposal for measuring a weighted average through con-
trolling the integration time on each qubit. It is open
whether there are ways of implementing the measurement
for given fixed unitary phase rotations. While direct mea-
surements of a weighted average appears difficult, clas-
sification without resorting to direct intuitions has been
considered [10–13]. Fourth, since quantum-state prepara-
tion in qRAMs involves quantum measurements that lead
to noisy data, with some modifications, SLAEN may be
potentially utilized to enhance the performance of quan-
tum machine-learning schemes based on qRAMs.
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Appendix A: Entangled sensor network for channel
discrimination
A key component in the CV distributed sensing
scheme [38] is an interferometer structure formed by two
beam-splitter arrays. By conjugating an array of dis-
placement unitaries with a suitable beam-splitter unitary
Bˆ (see Fig. 8(a)), we can mix the amplitudes of displace-
ments:
Bˆ†
(
⊗Mm=1Uˆ (αm)
)
Bˆ = Uˆ (α˜)⊗
(
⊗M`=2Uˆ (α′m)
)
, (A1)
where α˜ =
∑
m wmαm is the effective displacement be-
tween modes bˆ1 and bˆ′1. The weights wm’s are normal-
ized, i.e.,
∑M
m=1 w
2
m = 1. Note that an arbitrary choice
of weights wm’s only requiresM two-mode beam splitters
to realize. Suppose we use a squeezed vacuum state with
squeezing parameter r at mode bˆ1 as the input, then we
can measure α˜ more precisely on mode bˆ′1. In this way,
the input modes aˆ1, · · · , aˆM to the displacement channel
are in fact entangled. The original entanglement-assisted
distributed sensing scheme measures the weighted aver-
age ω ·α(n) in presence of a detection loss η to a precision
δαEη = (ηg (NS) + 1− η)1/2 /2, (A2)
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<latexit sha1_base64="7pY1X2WLHZSCPuLhYC2fEwheTFs=">AAACB XicbZBNS8NAEIY3ftb6FfWoh2AR6qUkIuix4MVjBdMWmlAm202zdPPB7kQooRcv/hUvHhTx6n/w5r9x2+agrS8sPLwzw+y8QSa4Qtv+NlZW19Y3N itb1e2d3b198+CwrdJcUubSVKSyG4BigifMRY6CdTPJIA4E6wSjm2m988Ck4mlyj+OM+TEMEx5yCqitvnniRYCFO/EEC7Hugcgi6Due5MMIz/tmz W7YM1nL4JRQI6VaffPLG6Q0j1mCVIBSPcfO0C9AIqeCTaperlgGdARD1tOYQMyUX8yumFhn2hlYYSr1S9Caub8nCoiVGseB7owBI7VYm5r/1Xo5h td+wZMsR5bQ+aIwFxam1jQSa8AloyjGGoBKrv9q0QgkUNTBVXUIzuLJy9C+aDia7y5rzXoZR4Uck1NSJw65Ik1yS1rEJZQ8kmfySt6MJ+PFeDc+5q 0rRjlzRP7I+PwBR3+YUw==</latexit><latexit sha1_base64="7pY1X2WLHZSCPuLhYC2fEwheTFs=">AAACB XicbZBNS8NAEIY3ftb6FfWoh2AR6qUkIuix4MVjBdMWmlAm202zdPPB7kQooRcv/hUvHhTx6n/w5r9x2+agrS8sPLwzw+y8QSa4Qtv+NlZW19Y3N itb1e2d3b198+CwrdJcUubSVKSyG4BigifMRY6CdTPJIA4E6wSjm2m988Ck4mlyj+OM+TEMEx5yCqitvnniRYCFO/EEC7Hugcgi6Due5MMIz/tmz W7YM1nL4JRQI6VaffPLG6Q0j1mCVIBSPcfO0C9AIqeCTaperlgGdARD1tOYQMyUX8yumFhn2hlYYSr1S9Caub8nCoiVGseB7owBI7VYm5r/1Xo5h td+wZMsR5bQ+aIwFxam1jQSa8AloyjGGoBKrv9q0QgkUNTBVXUIzuLJy9C+aDia7y5rzXoZR4Uck1NSJw65Ik1yS1rEJZQ8kmfySt6MJ+PFeDc+5q 0rRjlzRP7I+PwBR3+YUw==</latexit><latexit sha1_base64="7pY1X2WLHZSCPuLhYC2fEwheTFs=">AAACB XicbZBNS8NAEIY3ftb6FfWoh2AR6qUkIuix4MVjBdMWmlAm202zdPPB7kQooRcv/hUvHhTx6n/w5r9x2+agrS8sPLwzw+y8QSa4Qtv+NlZW19Y3N itb1e2d3b198+CwrdJcUubSVKSyG4BigifMRY6CdTPJIA4E6wSjm2m988Ck4mlyj+OM+TEMEx5yCqitvnniRYCFO/EEC7Hugcgi6Due5MMIz/tmz W7YM1nL4JRQI6VaffPLG6Q0j1mCVIBSPcfO0C9AIqeCTaperlgGdARD1tOYQMyUX8yumFhn2hlYYSr1S9Caub8nCoiVGseB7owBI7VYm5r/1Xo5h td+wZMsR5bQ+aIwFxam1jQSa8AloyjGGoBKrv9q0QgkUNTBVXUIzuLJy9C+aDia7y5rzXoZR4Uck1NSJw65Ik1yS1rEJZQ8kmfySt6MJ+PFeDc+5q 0rRjlzRP7I+PwBR3+YUw==</latexit><latexit sha1_base64="7pY1X2WLHZSCPuLhYC2fEwheTFs=">AAACB XicbZBNS8NAEIY3ftb6FfWoh2AR6qUkIuix4MVjBdMWmlAm202zdPPB7kQooRcv/hUvHhTx6n/w5r9x2+agrS8sPLwzw+y8QSa4Qtv+NlZW19Y3N itb1e2d3b198+CwrdJcUubSVKSyG4BigifMRY6CdTPJIA4E6wSjm2m988Ck4mlyj+OM+TEMEx5yCqitvnniRYCFO/EEC7Hugcgi6Due5MMIz/tmz W7YM1nL4JRQI6VaffPLG6Q0j1mCVIBSPcfO0C9AIqeCTaperlgGdARD1tOYQMyUX8yumFhn2hlYYSr1S9Caub8nCoiVGseB7owBI7VYm5r/1Xo5h td+wZMsR5bQ+aIwFxam1jQSa8AloyjGGoBKrv9q0QgkUNTBVXUIzuLJy9C+aDia7y5rzXoZR4Uck1NSJw65Ik1yS1rEJZQ8kmfySt6MJ+PFeDc+5q 0rRjlzRP7I+PwBR3+YUw==</latexit>
Uˆ (↵m)
<latexit sha1_base64="WA4Cltb8S0nsLq9t+lJEaef16ow=">AAACB XicbZBNS8NAEIY3ftb6FfWoh2AR6qUkIuix4MVjBdMWmlAm202zdPPB7kQooRcv/hUvHhTx6n/w5r9x2+agrS8sPLwzw+y8QSa4Qtv+NlZW19Y3N itb1e2d3b198+CwrdJcUubSVKSyG4BigifMRY6CdTPJIA4E6wSjm2m988Ck4mlyj+OM+TEMEx5yCqitvnniRYCFO/EEC7Hugcgi6Mee5MMIz/tmz W7YM1nL4JRQI6VaffPLG6Q0j1mCVIBSPcfO0C9AIqeCTaperlgGdARD1tOYQMyUX8yumFhn2hlYYSr1S9Caub8nCoiVGseB7owBI7VYm5r/1Xo5h td+wZMsR5bQ+aIwFxam1jQSa8AloyjGGoBKrv9q0QgkUNTBVXUIzuLJy9C+aDia7y5rzXoZR4Uck1NSJw65Ik1yS1rEJZQ8kmfySt6MJ+PFeDc+5q 0rRjlzRP7I+PwBpBOYjw==</latexit><latexit sha1_base64="WA4Cltb8S0nsLq9t+lJEaef16ow=">AAACB XicbZBNS8NAEIY3ftb6FfWoh2AR6qUkIuix4MVjBdMWmlAm202zdPPB7kQooRcv/hUvHhTx6n/w5r9x2+agrS8sPLwzw+y8QSa4Qtv+NlZW19Y3N itb1e2d3b198+CwrdJcUubSVKSyG4BigifMRY6CdTPJIA4E6wSjm2m988Ck4mlyj+OM+TEMEx5yCqitvnniRYCFO/EEC7Hugcgi6Mee5MMIz/tmz W7YM1nL4JRQI6VaffPLG6Q0j1mCVIBSPcfO0C9AIqeCTaperlgGdARD1tOYQMyUX8yumFhn2hlYYSr1S9Caub8nCoiVGseB7owBI7VYm5r/1Xo5h td+wZMsR5bQ+aIwFxam1jQSa8AloyjGGoBKrv9q0QgkUNTBVXUIzuLJy9C+aDia7y5rzXoZR4Uck1NSJw65Ik1yS1rEJZQ8kmfySt6MJ+PFeDc+5q 0rRjlzRP7I+PwBpBOYjw==</latexit><latexit sha1_base64="WA4Cltb8S0nsLq9t+lJEaef16ow=">AAACB XicbZBNS8NAEIY3ftb6FfWoh2AR6qUkIuix4MVjBdMWmlAm202zdPPB7kQooRcv/hUvHhTx6n/w5r9x2+agrS8sPLwzw+y8QSa4Qtv+NlZW19Y3N itb1e2d3b198+CwrdJcUubSVKSyG4BigifMRY6CdTPJIA4E6wSjm2m988Ck4mlyj+OM+TEMEx5yCqitvnniRYCFO/EEC7Hugcgi6Mee5MMIz/tmz W7YM1nL4JRQI6VaffPLG6Q0j1mCVIBSPcfO0C9AIqeCTaperlgGdARD1tOYQMyUX8yumFhn2hlYYSr1S9Caub8nCoiVGseB7owBI7VYm5r/1Xo5h td+wZMsR5bQ+aIwFxam1jQSa8AloyjGGoBKrv9q0QgkUNTBVXUIzuLJy9C+aDia7y5rzXoZR4Uck1NSJw65Ik1yS1rEJZQ8kmfySt6MJ+PFeDc+5q 0rRjlzRP7I+PwBpBOYjw==</latexit><latexit sha1_base64="WA4Cltb8S0nsLq9t+lJEaef16ow=">AAACB XicbZBNS8NAEIY3ftb6FfWoh2AR6qUkIuix4MVjBdMWmlAm202zdPPB7kQooRcv/hUvHhTx6n/w5r9x2+agrS8sPLwzw+y8QSa4Qtv+NlZW19Y3N itb1e2d3b198+CwrdJcUubSVKSyG4BigifMRY6CdTPJIA4E6wSjm2m988Ck4mlyj+OM+TEMEx5yCqitvnniRYCFO/EEC7Hugcgi6Mee5MMIz/tmz W7YM1nL4JRQI6VaffPLG6Q0j1mCVIBSPcfO0C9AIqeCTaperlgGdARD1tOYQMyUX8yumFhn2hlYYSr1S9Caub8nCoiVGseB7owBI7VYm5r/1Xo5h td+wZMsR5bQ+aIwFxam1jQSa8AloyjGGoBKrv9q0QgkUNTBVXUIzuLJy9C+aDia7y5rzXoZR4Uck1NSJw65Ik1yS1rEJZQ8kmfySt6MJ+PFeDc+5q 0rRjlzRP7I+PwBpBOYjw==</latexit>
Uˆ (↵M )
<latexit sha1_base64="1o9XIcwkU0E6aIAfFR8FgvU8v2g=">AAACB XicbZDLSsNAFIYn9VbrrepSF8Ei1E1JRNBlwY0boYJpC00IJ9NJM3RyYeZEKKEbN76KGxeKuPUd3Pk2Ti8Lbf1h4OM/53Dm/EEmuELL+jZKK6tr6 xvlzcrW9s7uXnX/oK3SXFLm0FSkshuAYoInzEGOgnUzySAOBOsEw+tJvfPApOJpco+jjHkxDBIecgqoLb967EaAhTN2BQux7oLIIvBvXckHEZ751 ZrVsKYyl8GeQ43M1fKrX24/pXnMEqQClOrZVoZeARI5FWxccXPFMqBDGLCexgRiprxiesXYPNVO3wxTqV+C5tT9PVFArNQoDnRnDBipxdrE/K/Wy zG88gqeZDmyhM4WhbkwMTUnkZh9LhlFMdIAVHL9V5NGIIGiDq6iQ7AXT16G9nnD1nx3UWvW53GUyRE5IXVik0vSJDekRRxCySN5Jq/kzXgyXox342 PWWjLmM4fkj4zPH3KzmG8=</latexit><latexit sha1_base64="1o9XIcwkU0E6aIAfFR8FgvU8v2g=">AAACB XicbZDLSsNAFIYn9VbrrepSF8Ei1E1JRNBlwY0boYJpC00IJ9NJM3RyYeZEKKEbN76KGxeKuPUd3Pk2Ti8Lbf1h4OM/53Dm/EEmuELL+jZKK6tr6 xvlzcrW9s7uXnX/oK3SXFLm0FSkshuAYoInzEGOgnUzySAOBOsEw+tJvfPApOJpco+jjHkxDBIecgqoLb967EaAhTN2BQux7oLIIvBvXckHEZ751 ZrVsKYyl8GeQ43M1fKrX24/pXnMEqQClOrZVoZeARI5FWxccXPFMqBDGLCexgRiprxiesXYPNVO3wxTqV+C5tT9PVFArNQoDnRnDBipxdrE/K/Wy zG88gqeZDmyhM4WhbkwMTUnkZh9LhlFMdIAVHL9V5NGIIGiDq6iQ7AXT16G9nnD1nx3UWvW53GUyRE5IXVik0vSJDekRRxCySN5Jq/kzXgyXox342 PWWjLmM4fkj4zPH3KzmG8=</latexit><latexit sha1_base64="1o9XIcwkU0E6aIAfFR8FgvU8v2g=">AAACB XicbZDLSsNAFIYn9VbrrepSF8Ei1E1JRNBlwY0boYJpC00IJ9NJM3RyYeZEKKEbN76KGxeKuPUd3Pk2Ti8Lbf1h4OM/53Dm/EEmuELL+jZKK6tr6 xvlzcrW9s7uXnX/oK3SXFLm0FSkshuAYoInzEGOgnUzySAOBOsEw+tJvfPApOJpco+jjHkxDBIecgqoLb967EaAhTN2BQux7oLIIvBvXckHEZ751 ZrVsKYyl8GeQ43M1fKrX24/pXnMEqQClOrZVoZeARI5FWxccXPFMqBDGLCexgRiprxiesXYPNVO3wxTqV+C5tT9PVFArNQoDnRnDBipxdrE/K/Wy zG88gqeZDmyhM4WhbkwMTUnkZh9LhlFMdIAVHL9V5NGIIGiDq6iQ7AXT16G9nnD1nx3UWvW53GUyRE5IXVik0vSJDekRRxCySN5Jq/kzXgyXox342 PWWjLmM4fkj4zPH3KzmG8=</latexit><latexit sha1_base64="1o9XIcwkU0E6aIAfFR8FgvU8v2g=">AAACB XicbZDLSsNAFIYn9VbrrepSF8Ei1E1JRNBlwY0boYJpC00IJ9NJM3RyYeZEKKEbN76KGxeKuPUd3Pk2Ti8Lbf1h4OM/53Dm/EEmuELL+jZKK6tr6 xvlzcrW9s7uXnX/oK3SXFLm0FSkshuAYoInzEGOgnUzySAOBOsEw+tJvfPApOJpco+jjHkxDBIecgqoLb967EaAhTN2BQux7oLIIvBvXckHEZ751 ZrVsKYyl8GeQ43M1fKrX24/pXnMEqQClOrZVoZeARI5FWxccXPFMqBDGLCexgRiprxiesXYPNVO3wxTqV+C5tT9PVFArNQoDnRnDBipxdrE/K/Wy zG88gqeZDmyhM4WhbkwMTUnkZh9LhlFMdIAVHL9V5NGIIGiDq6iQ7AXT16G9nnD1nx3UWvW53GUyRE5IXVik0vSJDekRRxCySN5Jq/kzXgyXox342 PWWjLmM4fkj4zPH3KzmG8=</latexit>
Bˆ†<latexit sha1_base64="z10oxPLphkFSrEA6qorpnwAha5E=">AAAB+ HicbZDNSsNAFIUn9a/Wn0ZduhksQlclEUGXRTcuK9hWaGK5mUzSoZNJmJkINfRJ3LhQxK2P4s63cdpmoa0HBj7OvZd75wQZZ0o7zrdVWVvf2Nyqb td2dvf26/bBYU+luSS0S1KeyvsAFOVM0K5mmtP7TFJIAk77wfh6Vu8/UqlYKu70JKN+ArFgESOgjTW0694IdHE1ffBCiGMqh3bDaTlz4VVwS2igU p2h/eWFKckTKjThoNTAdTLtFyA1I5xOa16uaAZkDDEdGBSQUOUX88On+NQ4IY5SaZ7QeO7+niggUWqSBKYzAT1Sy7WZ+V9tkOvo0i+YyHJNBVksi nKOdYpnKeCQSUo0nxgAIpm5FZMRSCDaZFUzIbjLX16F3lnLNXx73mg3yziq6BidoCZy0QVqoxvUQV1EUI6e0St6s56sF+vd+li0Vqxy5gj9kfX5A9 nnkx4=</latexit><latexit sha1_base64="z10oxPLphkFSrEA6qorpnwAha5E=">AAAB+ HicbZDNSsNAFIUn9a/Wn0ZduhksQlclEUGXRTcuK9hWaGK5mUzSoZNJmJkINfRJ3LhQxK2P4s63cdpmoa0HBj7OvZd75wQZZ0o7zrdVWVvf2Nyqb td2dvf26/bBYU+luSS0S1KeyvsAFOVM0K5mmtP7TFJIAk77wfh6Vu8/UqlYKu70JKN+ArFgESOgjTW0694IdHE1ffBCiGMqh3bDaTlz4VVwS2igU p2h/eWFKckTKjThoNTAdTLtFyA1I5xOa16uaAZkDDEdGBSQUOUX88On+NQ4IY5SaZ7QeO7+niggUWqSBKYzAT1Sy7WZ+V9tkOvo0i+YyHJNBVksi nKOdYpnKeCQSUo0nxgAIpm5FZMRSCDaZFUzIbjLX16F3lnLNXx73mg3yziq6BidoCZy0QVqoxvUQV1EUI6e0St6s56sF+vd+li0Vqxy5gj9kfX5A9 nnkx4=</latexit><latexit sha1_base64="z10oxPLphkFSrEA6qorpnwAha5E=">AAAB+ HicbZDNSsNAFIUn9a/Wn0ZduhksQlclEUGXRTcuK9hWaGK5mUzSoZNJmJkINfRJ3LhQxK2P4s63cdpmoa0HBj7OvZd75wQZZ0o7zrdVWVvf2Nyqb td2dvf26/bBYU+luSS0S1KeyvsAFOVM0K5mmtP7TFJIAk77wfh6Vu8/UqlYKu70JKN+ArFgESOgjTW0694IdHE1ffBCiGMqh3bDaTlz4VVwS2igU p2h/eWFKckTKjThoNTAdTLtFyA1I5xOa16uaAZkDDEdGBSQUOUX88On+NQ4IY5SaZ7QeO7+niggUWqSBKYzAT1Sy7WZ+V9tkOvo0i+YyHJNBVksi nKOdYpnKeCQSUo0nxgAIpm5FZMRSCDaZFUzIbjLX16F3lnLNXx73mg3yziq6BidoCZy0QVqoxvUQV1EUI6e0St6s56sF+vd+li0Vqxy5gj9kfX5A9 nnkx4=</latexit><latexit sha1_base64="z10oxPLphkFSrEA6qorpnwAha5E=">AAAB+ HicbZDNSsNAFIUn9a/Wn0ZduhksQlclEUGXRTcuK9hWaGK5mUzSoZNJmJkINfRJ3LhQxK2P4s63cdpmoa0HBj7OvZd75wQZZ0o7zrdVWVvf2Nyqb td2dvf26/bBYU+luSS0S1KeyvsAFOVM0K5mmtP7TFJIAk77wfh6Vu8/UqlYKu70JKN+ArFgESOgjTW0694IdHE1ffBCiGMqh3bDaTlz4VVwS2igU p2h/eWFKckTKjThoNTAdTLtFyA1I5xOa16uaAZkDDEdGBSQUOUX88On+NQ4IY5SaZ7QeO7+niggUWqSBKYzAT1Sy7WZ+V9tkOvo0i+YyHJNBVksi nKOdYpnKeCQSUo0nxgAIpm5FZMRSCDaZFUzIbjLX16F3lnLNXx73mg3yziq6BidoCZy0QVqoxvUQV1EUI6e0St6s56sF+vd+li0Vqxy5gj9kfX5A9 nnkx4=</latexit>
bˆ01
<latexit sha1_base64="Mg/vesppXDZ2P3bxRyDpJAuQnZ Y=">AAAB+XicbZDLSsNAFIZPvNZ6i7p0M1iErkoigi4LblxWsBdoYphMJ+3QmUmYmRRK6Ju4caGIW9/EnW/jtM1CW38Y+Pj POZwzf5xxpo3nfTsbm1vbO7uVver+weHRsXty2tFprghtk5SnqhdjTTmTtG2Y4bSXKYpFzGk3Ht/N690JVZql8tFMMxoKPJ QsYQQba0WuG4ywKeJZ5D8FmWKCRm7Na3gLoXXwS6hBqVbkfgWDlOSCSkM41rrve5kJC6wMI5zOqkGuaYbJGA9p36LEguqwW Fw+Q5fWGaAkVfZJgxbu74kCC62nIradApuRXq3Nzf9q/dwkt2HBZJYbKslyUZJzZFI0jwENmKLE8KkFTBSztyIywgoTY8Oq2 hD81S+vQ+eq4Vt+uK4162UcFTiHC6iDDzfQhHtoQRsITOAZXuHNKZwX5935WLZuOOXMGfyR8/kDmz6Tiw==</latexit><latexit sha1_base64="Mg/vesppXDZ2P3bxRyDpJAuQnZ Y=">AAAB+XicbZDLSsNAFIZPvNZ6i7p0M1iErkoigi4LblxWsBdoYphMJ+3QmUmYmRRK6Ju4caGIW9/EnW/jtM1CW38Y+Pj POZwzf5xxpo3nfTsbm1vbO7uVver+weHRsXty2tFprghtk5SnqhdjTTmTtG2Y4bSXKYpFzGk3Ht/N690JVZql8tFMMxoKPJ QsYQQba0WuG4ywKeJZ5D8FmWKCRm7Na3gLoXXwS6hBqVbkfgWDlOSCSkM41rrve5kJC6wMI5zOqkGuaYbJGA9p36LEguqwW Fw+Q5fWGaAkVfZJgxbu74kCC62nIradApuRXq3Nzf9q/dwkt2HBZJYbKslyUZJzZFI0jwENmKLE8KkFTBSztyIywgoTY8Oq2 hD81S+vQ+eq4Vt+uK4162UcFTiHC6iDDzfQhHtoQRsITOAZXuHNKZwX5935WLZuOOXMGfyR8/kDmz6Tiw==</latexit><latexit sha1_base64="Mg/vesppXDZ2P3bxRyDpJAuQnZ Y=">AAAB+XicbZDLSsNAFIZPvNZ6i7p0M1iErkoigi4LblxWsBdoYphMJ+3QmUmYmRRK6Ju4caGIW9/EnW/jtM1CW38Y+Pj POZwzf5xxpo3nfTsbm1vbO7uVver+weHRsXty2tFprghtk5SnqhdjTTmTtG2Y4bSXKYpFzGk3Ht/N690JVZql8tFMMxoKPJ QsYQQba0WuG4ywKeJZ5D8FmWKCRm7Na3gLoXXwS6hBqVbkfgWDlOSCSkM41rrve5kJC6wMI5zOqkGuaYbJGA9p36LEguqwW Fw+Q5fWGaAkVfZJgxbu74kCC62nIradApuRXq3Nzf9q/dwkt2HBZJYbKslyUZJzZFI0jwENmKLE8KkFTBSztyIywgoTY8Oq2 hD81S+vQ+eq4Vt+uK4162UcFTiHC6iDDzfQhHtoQRsITOAZXuHNKZwX5935WLZuOOXMGfyR8/kDmz6Tiw==</latexit><latexit sha1_base64="Mg/vesppXDZ2P3bxRyDpJAuQnZ Y=">AAAB+XicbZDLSsNAFIZPvNZ6i7p0M1iErkoigi4LblxWsBdoYphMJ+3QmUmYmRRK6Ju4caGIW9/EnW/jtM1CW38Y+Pj POZwzf5xxpo3nfTsbm1vbO7uVver+weHRsXty2tFprghtk5SnqhdjTTmTtG2Y4bSXKYpFzGk3Ht/N690JVZql8tFMMxoKPJ QsYQQba0WuG4ywKeJZ5D8FmWKCRm7Na3gLoXXwS6hBqVbkfgWDlOSCSkM41rrve5kJC6wMI5zOqkGuaYbJGA9p36LEguqwW Fw+Q5fWGaAkVfZJgxbu74kCC62nIradApuRXq3Nzf9q/dwkt2HBZJYbKslyUZJzZFI0jwENmKLE8KkFTBSztyIywgoTY8Oq2 hD81S+vQ+eq4Vt+uK4162UcFTiHC6iDDzfQhHtoQRsITOAZXuHNKZwX5935WLZuOOXMGfyR8/kDmz6Tiw==</latexit>
bˆ0m
<latexit sha1_base64="aUDGZ3wdgug7iw9B6uTJuaQ1 9zI=">AAAB+XicbZDLSsNAFIZPvNZ6i7p0M1iErkoigi4LblxWsBdoYphMJ+3QmUmYmRRK6Ju4caGIW9/EnW/jtM1C W38Y+PjPOZwzf5xxpo3nfTsbm1vbO7uVver+weHRsXty2tFprghtk5SnqhdjTTmTtG2Y4bSXKYpFzGk3Ht/N690JVZq l8tFMMxoKPJQsYQQba0WuG4ywKeJZJJ6CTDFBI7fmNbyF0Dr4JdSgVCtyv4JBSnJBpSEca933vcyEBVaGEU5n1SDXN MNkjIe0b1FiQXVYLC6foUvrDFCSKvukQQv390SBhdZTEdtOgc1Ir9bm5n+1fm6S27BgMssNlWS5KMk5Mimax4AGTFFi +NQCJorZWxEZYYWJsWFVbQj+6pfXoXPV8C0/XNea9TKOCpzDBdTBhxtowj20oA0EJvAMr/DmFM6L8+58LFs3nHLmDP 7I+fwB99KTxw==</latexit><latexit sha1_base64="aUDGZ3wdgug7iw9B6uTJuaQ1 9zI=">AAAB+XicbZDLSsNAFIZPvNZ6i7p0M1iErkoigi4LblxWsBdoYphMJ+3QmUmYmRRK6Ju4caGIW9/EnW/jtM1C W38Y+PjPOZwzf5xxpo3nfTsbm1vbO7uVver+weHRsXty2tFprghtk5SnqhdjTTmTtG2Y4bSXKYpFzGk3Ht/N690JVZq l8tFMMxoKPJQsYQQba0WuG4ywKeJZJJ6CTDFBI7fmNbyF0Dr4JdSgVCtyv4JBSnJBpSEca933vcyEBVaGEU5n1SDXN MNkjIe0b1FiQXVYLC6foUvrDFCSKvukQQv390SBhdZTEdtOgc1Ir9bm5n+1fm6S27BgMssNlWS5KMk5Mimax4AGTFFi +NQCJorZWxEZYYWJsWFVbQj+6pfXoXPV8C0/XNea9TKOCpzDBdTBhxtowj20oA0EJvAMr/DmFM6L8+58LFs3nHLmDP 7I+fwB99KTxw==</latexit><latexit sha1_base64="aUDGZ3wdgug7iw9B6uTJuaQ1 9zI=">AAAB+XicbZDLSsNAFIZPvNZ6i7p0M1iErkoigi4LblxWsBdoYphMJ+3QmUmYmRRK6Ju4caGIW9/EnW/jtM1C W38Y+PjPOZwzf5xxpo3nfTsbm1vbO7uVver+weHRsXty2tFprghtk5SnqhdjTTmTtG2Y4bSXKYpFzGk3Ht/N690JVZq l8tFMMxoKPJQsYQQba0WuG4ywKeJZJJ6CTDFBI7fmNbyF0Dr4JdSgVCtyv4JBSnJBpSEca933vcyEBVaGEU5n1SDXN MNkjIe0b1FiQXVYLC6foUvrDFCSKvukQQv390SBhdZTEdtOgc1Ir9bm5n+1fm6S27BgMssNlWS5KMk5Mimax4AGTFFi +NQCJorZWxEZYYWJsWFVbQj+6pfXoXPV8C0/XNea9TKOCpzDBdTBhxtowj20oA0EJvAMr/DmFM6L8+58LFs3nHLmDP 7I+fwB99KTxw==</latexit><latexit sha1_base64="aUDGZ3wdgug7iw9B6uTJuaQ1 9zI=">AAAB+XicbZDLSsNAFIZPvNZ6i7p0M1iErkoigi4LblxWsBdoYphMJ+3QmUmYmRRK6Ju4caGIW9/EnW/jtM1C W38Y+PjPOZwzf5xxpo3nfTsbm1vbO7uVver+weHRsXty2tFprghtk5SnqhdjTTmTtG2Y4bSXKYpFzGk3Ht/N690JVZq l8tFMMxoKPJQsYQQba0WuG4ywKeJZJJ6CTDFBI7fmNbyF0Dr4JdSgVCtyv4JBSnJBpSEca933vcyEBVaGEU5n1SDXN MNkjIe0b1FiQXVYLC6foUvrDFCSKvukQQv390SBhdZTEdtOgc1Ir9bm5n+1fm6S27BgMssNlWS5KMk5Mimax4AGTFFi +NQCJorZWxEZYYWJsWFVbQj+6pfXoXPV8C0/XNea9TKOCpzDBdTBhxtowj20oA0EJvAMr/DmFM6L8+58LFs3nHLmDP 7I+fwB99KTxw==</latexit>
bˆ0M
<latexit sha1_base64="6IkWDOZ7l+wSsEj6/0WXmpv3/IU=" >AAAB+XicbZDLSgMxFIYz9VbrbdSlm2ARuiozIuiy4MaNUMFeoDMOmTRtQ5PMkJwplKFv4saFIm59E3e+jWk7C239IfDxn3M4J3+cC m7A876d0sbm1vZOebeyt39weOQen7RNkmnKWjQRie7GxDDBFWsBB8G6qWZExoJ14vHtvN6ZMG14oh5hmrJQkqHiA04JWCty3WBEII9 n0f1TkGouWeRWvbq3EF4Hv4AqKtSM3K+gn9BMMgVUEGN6vpdCmBMNnAo2qwSZYSmhYzJkPYuKSGbCfHH5DF9Yp48HibZPAV64vydyI o2Zyth2SgIjs1qbm//VehkMbsKcqzQDpuhy0SATGBI8jwH3uWYUxNQCoZrbWzEdEU0o2LAqNgR/9cvr0L6s+5YfrqqNWhFHGZ2hc1 RDPrpGDXSHmqiFKJqgZ/SK3pzceXHenY9la8kpZk7RHzmfP8Zyk6c=</latexit><latexit sha1_base64="6IkWDOZ7l+wSsEj6/0WXmpv3/IU=" >AAAB+XicbZDLSgMxFIYz9VbrbdSlm2ARuiozIuiy4MaNUMFeoDMOmTRtQ5PMkJwplKFv4saFIm59E3e+jWk7C239IfDxn3M4J3+cC m7A876d0sbm1vZOebeyt39weOQen7RNkmnKWjQRie7GxDDBFWsBB8G6qWZExoJ14vHtvN6ZMG14oh5hmrJQkqHiA04JWCty3WBEII9 n0f1TkGouWeRWvbq3EF4Hv4AqKtSM3K+gn9BMMgVUEGN6vpdCmBMNnAo2qwSZYSmhYzJkPYuKSGbCfHH5DF9Yp48HibZPAV64vydyI o2Zyth2SgIjs1qbm//VehkMbsKcqzQDpuhy0SATGBI8jwH3uWYUxNQCoZrbWzEdEU0o2LAqNgR/9cvr0L6s+5YfrqqNWhFHGZ2hc1 RDPrpGDXSHmqiFKJqgZ/SK3pzceXHenY9la8kpZk7RHzmfP8Zyk6c=</latexit><latexit sha1_base64="6IkWDOZ7l+wSsEj6/0WXmpv3/IU=" >AAAB+XicbZDLSgMxFIYz9VbrbdSlm2ARuiozIuiy4MaNUMFeoDMOmTRtQ5PMkJwplKFv4saFIm59E3e+jWk7C239IfDxn3M4J3+cC m7A876d0sbm1vZOebeyt39weOQen7RNkmnKWjQRie7GxDDBFWsBB8G6qWZExoJ14vHtvN6ZMG14oh5hmrJQkqHiA04JWCty3WBEII9 n0f1TkGouWeRWvbq3EF4Hv4AqKtSM3K+gn9BMMgVUEGN6vpdCmBMNnAo2qwSZYSmhYzJkPYuKSGbCfHH5DF9Yp48HibZPAV64vydyI o2Zyth2SgIjs1qbm//VehkMbsKcqzQDpuhy0SATGBI8jwH3uWYUxNQCoZrbWzEdEU0o2LAqNgR/9cvr0L6s+5YfrqqNWhFHGZ2hc1 RDPrpGDXSHmqiFKJqgZ/SK3pzceXHenY9la8kpZk7RHzmfP8Zyk6c=</latexit><latexit sha1_base64="6IkWDOZ7l+wSsEj6/0WXmpv3/IU=" >AAAB+XicbZDLSgMxFIYz9VbrbdSlm2ARuiozIuiy4MaNUMFeoDMOmTRtQ5PMkJwplKFv4saFIm59E3e+jWk7C239IfDxn3M4J3+cC m7A876d0sbm1vZOebeyt39weOQen7RNkmnKWjQRie7GxDDBFWsBB8G6qWZExoJ14vHtvN6ZMG14oh5hmrJQkqHiA04JWCty3WBEII9 n0f1TkGouWeRWvbq3EF4Hv4AqKtSM3K+gn9BMMgVUEGN6vpdCmBMNnAo2qwSZYSmhYzJkPYuKSGbCfHH5DF9Yp48HibZPAV64vydyI o2Zyth2SgIjs1qbm//VehkMbsKcqzQDpuhy0SATGBI8jwH3uWYUxNQCoZrbWzEdEU0o2LAqNgR/9cvr0L6s+5YfrqqNWhFHGZ2hc1 RDPrpGDXSHmqiFKJqgZ/SK3pzceXHenY9la8kpZk7RHzmfP8Zyk6c=</latexit>
	
	
	
	
	
	
Uˆ (↵˜)
<latexit sha1_base64="3cprApScajzLpCaAIktXpscgmsE=">AAACC 3icbZA7SwNBEMf3fMb4ilraHAlCbMKdCFoGbCwjmAfkQpjbzOWW7D3YnRPCkd7Gr2JjoYitX8DOb+PmUWjiHxZ+/GeG2fn7qRSaHOfbWlvf2NzaL uwUd/f2Dw5LR8ctnWSKY5MnMlEdHzRKEWOTBEnspAoh8iW2/dHNtN5+QKVFEt/TOMVeBMNYBIIDGatfKnshUN6ceBIDqnok5ABzD2QawsRTYhjSe b9UcWrOTPYquAuosIUa/dKXN0h4FmFMXILWXddJqZeDIsElTopepjEFPoIhdg3GEKHu5bNbJvaZcQZ2kCjzYrJn7u+JHCKtx5FvOiOgUC/XpuZ/t W5GwXUvF3GaEcZ8vijIpE2JPQ3GHgiFnOTYAHAlzF9tHoICTia+ognBXT55FVoXNdfw3WWlXl3EUWCnrMyqzGVXrM5uWYM1GWeP7Jm9sjfryXqx3q 2PeeuatZg5YX9kff4AwA2bZQ==</latexit><latexit sha1_base64="3cprApScajzLpCaAIktXpscgmsE=">AAACC 3icbZA7SwNBEMf3fMb4ilraHAlCbMKdCFoGbCwjmAfkQpjbzOWW7D3YnRPCkd7Gr2JjoYitX8DOb+PmUWjiHxZ+/GeG2fn7qRSaHOfbWlvf2NzaL uwUd/f2Dw5LR8ctnWSKY5MnMlEdHzRKEWOTBEnspAoh8iW2/dHNtN5+QKVFEt/TOMVeBMNYBIIDGatfKnshUN6ceBIDqnok5ABzD2QawsRTYhjSe b9UcWrOTPYquAuosIUa/dKXN0h4FmFMXILWXddJqZeDIsElTopepjEFPoIhdg3GEKHu5bNbJvaZcQZ2kCjzYrJn7u+JHCKtx5FvOiOgUC/XpuZ/t W5GwXUvF3GaEcZ8vijIpE2JPQ3GHgiFnOTYAHAlzF9tHoICTia+ognBXT55FVoXNdfw3WWlXl3EUWCnrMyqzGVXrM5uWYM1GWeP7Jm9sjfryXqx3q 2PeeuatZg5YX9kff4AwA2bZQ==</latexit><latexit sha1_base64="3cprApScajzLpCaAIktXpscgmsE=">AAACC 3icbZA7SwNBEMf3fMb4ilraHAlCbMKdCFoGbCwjmAfkQpjbzOWW7D3YnRPCkd7Gr2JjoYitX8DOb+PmUWjiHxZ+/GeG2fn7qRSaHOfbWlvf2NzaL uwUd/f2Dw5LR8ctnWSKY5MnMlEdHzRKEWOTBEnspAoh8iW2/dHNtN5+QKVFEt/TOMVeBMNYBIIDGatfKnshUN6ceBIDqnok5ABzD2QawsRTYhjSe b9UcWrOTPYquAuosIUa/dKXN0h4FmFMXILWXddJqZeDIsElTopepjEFPoIhdg3GEKHu5bNbJvaZcQZ2kCjzYrJn7u+JHCKtx5FvOiOgUC/XpuZ/t W5GwXUvF3GaEcZ8vijIpE2JPQ3GHgiFnOTYAHAlzF9tHoICTia+ognBXT55FVoXNdfw3WWlXl3EUWCnrMyqzGVXrM5uWYM1GWeP7Jm9sjfryXqx3q 2PeeuatZg5YX9kff4AwA2bZQ==</latexit><latexit sha1_base64="3cprApScajzLpCaAIktXpscgmsE=">AAACC 3icbZA7SwNBEMf3fMb4ilraHAlCbMKdCFoGbCwjmAfkQpjbzOWW7D3YnRPCkd7Gr2JjoYitX8DOb+PmUWjiHxZ+/GeG2fn7qRSaHOfbWlvf2NzaL uwUd/f2Dw5LR8ctnWSKY5MnMlEdHzRKEWOTBEnspAoh8iW2/dHNtN5+QKVFEt/TOMVeBMNYBIIDGatfKnshUN6ceBIDqnok5ABzD2QawsRTYhjSe b9UcWrOTPYquAuosIUa/dKXN0h4FmFMXILWXddJqZeDIsElTopepjEFPoIhdg3GEKHu5bNbJvaZcQZ2kCjzYrJn7u+JHCKtx5FvOiOgUC/XpuZ/t W5GwXUvF3GaEcZ8vijIpE2JPQ3GHgiFnOTYAHAlzF9tHoICTia+ognBXT55FVoXNdfw3WWlXl3EUWCnrMyqzGVXrM5uWYM1GWeP7Jm9sjfryXqx3q 2PeeuatZg5YX9kff4AwA2bZQ==</latexit>bˆ1
bˆm
bˆM
bˆ01
<latexit sha1_base64="Mg/vesppXDZ2P3bxRyDpJAuQnZ Y=">AAAB+XicbZDLSsNAFIZPvNZ6i7p0M1iErkoigi4LblxWsBdoYphMJ+3QmUmYmRRK6Ju4caGIW9/EnW/jtM1CW38Y+Pj POZwzf5xxpo3nfTsbm1vbO7uVver+weHRsXty2tFprghtk5SnqhdjTTmTtG2Y4bSXKYpFzGk3Ht/N690JVZql8tFMMxoKPJ QsYQQba0WuG4ywKeJZ5D8FmWKCRm7Na3gLoXXwS6hBqVbkfgWDlOSCSkM41rrve5kJC6wMI5zOqkGuaYbJGA9p36LEguqwW Fw+Q5fWGaAkVfZJgxbu74kCC62nIradApuRXq3Nzf9q/dwkt2HBZJYbKslyUZJzZFI0jwENmKLE8KkFTBSztyIywgoTY8Oq2 hD81S+vQ+eq4Vt+uK4162UcFTiHC6iDDzfQhHtoQRsITOAZXuHNKZwX5935WLZuOOXMGfyR8/kDmz6Tiw==</latexit><latexit sha1_base64="Mg/vesppXDZ2P3bxRyDpJAuQnZ Y=">AAAB+XicbZDLSsNAFIZPvNZ6i7p0M1iErkoigi4LblxWsBdoYphMJ+3QmUmYmRRK6Ju4caGIW9/EnW/jtM1CW38Y+Pj POZwzf5xxpo3nfTsbm1vbO7uVver+weHRsXty2tFprghtk5SnqhdjTTmTtG2Y4bSXKYpFzGk3Ht/N690JVZql8tFMMxoKPJ QsYQQba0WuG4ywKeJZ5D8FmWKCRm7Na3gLoXXwS6hBqVbkfgWDlOSCSkM41rrve5kJC6wMI5zOqkGuaYbJGA9p36LEguqwW Fw+Q5fWGaAkVfZJgxbu74kCC62nIradApuRXq3Nzf9q/dwkt2HBZJYbKslyUZJzZFI0jwENmKLE8KkFTBSztyIywgoTY8Oq2 hD81S+vQ+eq4Vt+uK4162UcFTiHC6iDDzfQhHtoQRsITOAZXuHNKZwX5935WLZuOOXMGfyR8/kDmz6Tiw==</latexit><latexit sha1_base64="Mg/vesppXDZ2P3bxRyDpJAuQnZ Y=">AAAB+XicbZDLSsNAFIZPvNZ6i7p0M1iErkoigi4LblxWsBdoYphMJ+3QmUmYmRRK6Ju4caGIW9/EnW/jtM1CW38Y+Pj POZwzf5xxpo3nfTsbm1vbO7uVver+weHRsXty2tFprghtk5SnqhdjTTmTtG2Y4bSXKYpFzGk3Ht/N690JVZql8tFMMxoKPJ QsYQQba0WuG4ywKeJZ5D8FmWKCRm7Na3gLoXXwS6hBqVbkfgWDlOSCSkM41rrve5kJC6wMI5zOqkGuaYbJGA9p36LEguqwW Fw+Q5fWGaAkVfZJgxbu74kCC62nIradApuRXq3Nzf9q/dwkt2HBZJYbKslyUZJzZFI0jwENmKLE8KkFTBSztyIywgoTY8Oq2 hD81S+vQ+eq4Vt+uK4162UcFTiHC6iDDzfQhHtoQRsITOAZXuHNKZwX5935WLZuOOXMGfyR8/kDmz6Tiw==</latexit><latexit sha1_base64="Mg/vesppXDZ2P3bxRyDpJAuQnZ Y=">AAAB+XicbZDLSsNAFIZPvNZ6i7p0M1iErkoigi4LblxWsBdoYphMJ+3QmUmYmRRK6Ju4caGIW9/EnW/jtM1CW38Y+Pj POZwzf5xxpo3nfTsbm1vbO7uVver+weHRsXty2tFprghtk5SnqhdjTTmTtG2Y4bSXKYpFzGk3Ht/N690JVZql8tFMMxoKPJ QsYQQba0WuG4ywKeJZ5D8FmWKCRm7Na3gLoXXwS6hBqVbkfgWDlOSCSkM41rrve5kJC6wMI5zOqkGuaYbJGA9p36LEguqwW Fw+Q5fWGaAkVfZJgxbu74kCC62nIradApuRXq3Nzf9q/dwkt2HBZJYbKslyUZJzZFI0jwENmKLE8KkFTBSztyIywgoTY8Oq2 hD81S+vQ+eq4Vt+uK4162UcFTiHC6iDDzfQhHtoQRsITOAZXuHNKZwX5935WLZuOOXMGfyR8/kDmz6Tiw==</latexit>
bˆ0m
<latexit sha1_base64="aUDGZ3wdgug7iw9B6uTJuaQ1 9zI=">AAAB+XicbZDLSsNAFIZPvNZ6i7p0M1iErkoigi4LblxWsBdoYphMJ+3QmUmYmRRK6Ju4caGIW9/EnW/jtM1C W38Y+PjPOZwzf5xxpo3nfTsbm1vbO7uVver+weHRsXty2tFprghtk5SnqhdjTTmTtG2Y4bSXKYpFzGk3Ht/N690JVZq l8tFMMxoKPJQsYQQba0WuG4ywKeJZJJ6CTDFBI7fmNbyF0Dr4JdSgVCtyv4JBSnJBpSEca933vcyEBVaGEU5n1SDXN MNkjIe0b1FiQXVYLC6foUvrDFCSKvukQQv390SBhdZTEdtOgc1Ir9bm5n+1fm6S27BgMssNlWS5KMk5Mimax4AGTFFi +NQCJorZWxEZYYWJsWFVbQj+6pfXoXPV8C0/XNea9TKOCpzDBdTBhxtowj20oA0EJvAMr/DmFM6L8+58LFs3nHLmDP 7I+fwB99KTxw==</latexit><latexit sha1_base64="aUDGZ3wdgug7iw9B6uTJuaQ1 9zI=">AAAB+XicbZDLSsNAFIZPvNZ6i7p0M1iErkoigi4LblxWsBdoYphMJ+3QmUmYmRRK6Ju4caGIW9/EnW/jtM1C W38Y+PjPOZwzf5xxpo3nfTsbm1vbO7uVver+weHRsXty2tFprghtk5SnqhdjTTmTtG2Y4bSXKYpFzGk3Ht/N690JVZq l8tFMMxoKPJQsYQQba0WuG4ywKeJZJJ6CTDFBI7fmNbyF0Dr4JdSgVCtyv4JBSnJBpSEca933vcyEBVaGEU5n1SDXN MNkjIe0b1FiQXVYLC6foUvrDFCSKvukQQv390SBhdZTEdtOgc1Ir9bm5n+1fm6S27BgMssNlWS5KMk5Mimax4AGTFFi +NQCJorZWxEZYYWJsWFVbQj+6pfXoXPV8C0/XNea9TKOCpzDBdTBhxtowj20oA0EJvAMr/DmFM6L8+58LFs3nHLmDP 7I+fwB99KTxw==</latexit><latexit sha1_base64="aUDGZ3wdgug7iw9B6uTJuaQ1 9zI=">AAAB+XicbZDLSsNAFIZPvNZ6i7p0M1iErkoigi4LblxWsBdoYphMJ+3QmUmYmRRK6Ju4caGIW9/EnW/jtM1C W38Y+PjPOZwzf5xxpo3nfTsbm1vbO7uVver+weHRsXty2tFprghtk5SnqhdjTTmTtG2Y4bSXKYpFzGk3Ht/N690JVZq l8tFMMxoKPJQsYQQba0WuG4ywKeJZJJ6CTDFBI7fmNbyF0Dr4JdSgVCtyv4JBSnJBpSEca933vcyEBVaGEU5n1SDXN MNkjIe0b1FiQXVYLC6foUvrDFCSKvukQQv390SBhdZTEdtOgc1Ir9bm5n+1fm6S27BgMssNlWS5KMk5Mimax4AGTFFi +NQCJorZWxEZYYWJsWFVbQj+6pfXoXPV8C0/XNea9TKOCpzDBdTBhxtowj20oA0EJvAMr/DmFM6L8+58LFs3nHLmDP 7I+fwB99KTxw==</latexit><latexit sha1_base64="aUDGZ3wdgug7iw9B6uTJuaQ1 9zI=">AAAB+XicbZDLSsNAFIZPvNZ6i7p0M1iErkoigi4LblxWsBdoYphMJ+3QmUmYmRRK6Ju4caGIW9/EnW/jtM1C W38Y+PjPOZwzf5xxpo3nfTsbm1vbO7uVver+weHRsXty2tFprghtk5SnqhdjTTmTtG2Y4bSXKYpFzGk3Ht/N690JVZq l8tFMMxoKPJQsYQQba0WuG4ywKeJZJJ6CTDFBI7fmNbyF0Dr4JdSgVCtyv4JBSnJBpSEca933vcyEBVaGEU5n1SDXN MNkjIe0b1FiQXVYLC6foUvrDFCSKvukQQv390SBhdZTEdtOgc1Ir9bm5n+1fm6S27BgMssNlWS5KMk5Mimax4AGTFFi +NQCJorZWxEZYYWJsWFVbQj+6pfXoXPV8C0/XNea9TKOCpzDBdTBhxtowj20oA0EJvAMr/DmFM6L8+58LFs3nHLmDP 7I+fwB99KTxw==</latexit>
bˆ0M
<latexit sha1_base64="6IkWDOZ7l+wSsEj6/0WXmpv3/IU=" >AAAB+XicbZDLSgMxFIYz9VbrbdSlm2ARuiozIuiy4MaNUMFeoDMOmTRtQ5PMkJwplKFv4saFIm59E3e+jWk7C239IfDxn3M4J3+cC m7A876d0sbm1vZOebeyt39weOQen7RNkmnKWjQRie7GxDDBFWsBB8G6qWZExoJ14vHtvN6ZMG14oh5hmrJQkqHiA04JWCty3WBEII9 n0f1TkGouWeRWvbq3EF4Hv4AqKtSM3K+gn9BMMgVUEGN6vpdCmBMNnAo2qwSZYSmhYzJkPYuKSGbCfHH5DF9Yp48HibZPAV64vydyI o2Zyth2SgIjs1qbm//VehkMbsKcqzQDpuhy0SATGBI8jwH3uWYUxNQCoZrbWzEdEU0o2LAqNgR/9cvr0L6s+5YfrqqNWhFHGZ2hc1 RDPrpGDXSHmqiFKJqgZ/SK3pzceXHenY9la8kpZk7RHzmfP8Zyk6c=</latexit><latexit sha1_base64="6IkWDOZ7l+wSsEj6/0WXmpv3/IU=" >AAAB+XicbZDLSgMxFIYz9VbrbdSlm2ARuiozIuiy4MaNUMFeoDMOmTRtQ5PMkJwplKFv4saFIm59E3e+jWk7C239IfDxn3M4J3+cC m7A876d0sbm1vZOebeyt39weOQen7RNkmnKWjQRie7GxDDBFWsBB8G6qWZExoJ14vHtvN6ZMG14oh5hmrJQkqHiA04JWCty3WBEII9 n0f1TkGouWeRWvbq3EF4Hv4AqKtSM3K+gn9BMMgVUEGN6vpdCmBMNnAo2qwSZYSmhYzJkPYuKSGbCfHH5DF9Yp48HibZPAV64vydyI o2Zyth2SgIjs1qbm//VehkMbsKcqzQDpuhy0SATGBI8jwH3uWYUxNQCoZrbWzEdEU0o2LAqNgR/9cvr0L6s+5YfrqqNWhFHGZ2hc1 RDPrpGDXSHmqiFKJqgZ/SK3pzceXHenY9la8kpZk7RHzmfP8Zyk6c=</latexit><latexit sha1_base64="6IkWDOZ7l+wSsEj6/0WXmpv3/IU=" >AAAB+XicbZDLSgMxFIYz9VbrbdSlm2ARuiozIuiy4MaNUMFeoDMOmTRtQ5PMkJwplKFv4saFIm59E3e+jWk7C239IfDxn3M4J3+cC m7A876d0sbm1vZOebeyt39weOQen7RNkmnKWjQRie7GxDDBFWsBB8G6qWZExoJ14vHtvN6ZMG14oh5hmrJQkqHiA04JWCty3WBEII9 n0f1TkGouWeRWvbq3EF4Hv4AqKtSM3K+gn9BMMgVUEGN6vpdCmBMNnAo2qwSZYSmhYzJkPYuKSGbCfHH5DF9Yp48HibZPAV64vydyI o2Zyth2SgIjs1qbm//VehkMbsKcqzQDpuhy0SATGBI8jwH3uWYUxNQCoZrbWzEdEU0o2LAqNgR/9cvr0L6s+5YfrqqNWhFHGZ2hc1 RDPrpGDXSHmqiFKJqgZ/SK3pzceXHenY9la8kpZk7RHzmfP8Zyk6c=</latexit><latexit sha1_base64="6IkWDOZ7l+wSsEj6/0WXmpv3/IU=" >AAAB+XicbZDLSgMxFIYz9VbrbdSlm2ARuiozIuiy4MaNUMFeoDMOmTRtQ5PMkJwplKFv4saFIm59E3e+jWk7C239IfDxn3M4J3+cC m7A876d0sbm1vZOebeyt39weOQen7RNkmnKWjQRie7GxDDBFWsBB8G6qWZExoJ14vHtvN6ZMG14oh5hmrJQkqHiA04JWCty3WBEII9 n0f1TkGouWeRWvbq3EF4Hv4AqKtSM3K+gn9BMMgVUEGN6vpdCmBMNnAo2qwSZYSmhYzJkPYuKSGbCfHH5DF9Yp48HibZPAV64vydyI o2Zyth2SgIjs1qbm//VehkMbsKcqzQDpuhy0SATGBI8jwH3uWYUxNQCoZrbWzEdEU0o2LAqNgR/9cvr0L6s+5YfrqqNWhFHGZ2hc1 RDPrpGDXSHmqiFKJqgZ/SK3pzceXHenY9la8kpZk7RHzmfP8Zyk6c=</latexit>
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Figure 8. (a) Interferometer structure for amplitude mix-
ing in a distributed sensing scheme. (b) Performance of the
symmetric case, M = 10 and αm = 0.1, 1 ≤ m ≤M .
where g (n) ≡ 1/ (√n+ 1 +√n)2 and NS is the total
mean photon number; while a scheme using separable
squeezed states for modes aˆ1, · · · , aˆM has precision given
by a constrained optimization,
δαPη = min∑M
m=1Nm=NS
[
η
M∑
m=1
(
w2mg(Nm)
)
+ 1− η
]1/2
/2,
(A3)
with the total mean photon number NS as a constraint.
In the lossless case, one can prove that the above entan-
gled scheme is optimum among all schemes and the above
separable scheme is also optimum among all schemes
without using entanglement [69]. Moreover, in the lossy
case, the optimality of both schemes still holds when we
restrict the probe states to be Gaussian [38]. For the
equal weight case, the minimum δα˜Pη is obtained by set-
ting Nm = NS/M, 1 ≤ m ≤ M in Eq. A3. As shown
in Ref. [38], when the mean photon number per mode
NS/M is fixed, in the lossless case (η = 1) the entangled
scheme has a Heisenberg-scaling precision (δαEη ∼ 1/M),
while the classical scheme obeys the standard quantum
limit (δαPη ∼ 1/
√
M). Moreover, despite that the Heisen-
berg scaling is destroyed by loss (η < 1), the advantage
vouchsafed by entanglement survives.
To understand how the above advantage translates
to channel-classification problems, we calculate the er-
ror probability performance of a simple binary channel
discrimination task between displacements {0,α} with
given prior probabilities {pi0, pi1} in the lossless (η = 1)
case. For the case of 0, the transformed displacements
are all zero regardless of the beam splitters choice. For
the case of α, we have α˜ = ‖α‖ while all other dis-
placements are zero, by choosing the beam-splitter ar-
ray in Fig. 8(a) to have wm = αm/‖α‖. This can al-
ways be ensured as follows. First, one performs a beam-
splitter transform between bˆ1 and bˆ2 to produce the mode
α1√
α21+α
2
2
bˆ1 +
α2√
α21+α
2
2
bˆ2. Afterwards, one performs an-
other beam-splitter transform on the previous output
mode and bˆ3, · · · , bˆM . Since beam splitters conserve the
mean photon number and the effective displacement on
bˆ1 is ‖α‖, all the other effective displacements are zero.
In this way, the muti-mode problem is reduced to
a single-mode problem of determining whether a dis-
placement unitary has amplitude zero or ‖α‖. In Ap-
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pendix B, we show that the optimum input Gaussian
state that minimizes the Helstrom limit [41] is a single-
mode squeezed vacuum state and the corresponding error
probability is
PE{pi0,pi1} =
[
1−√1− 4pi0pi1 exp (−e2r‖α‖2)] /2
' pi0pi1 exp
(−e2r‖α‖2) , (A4)
where sinh2 (r) = NS is the mean photon number. Thus,
in terms of the error probability, the considered entan-
gled scheme is the optimum and the considered classical
scheme is the optimum among allGaussian schemes with-
out using entanglement. In general, non-Gaussian inputs
may lead to better performances, but the advantage of
an entanglement-assisted sensing scheme still holds.
Having obtained the optimum Gaussian input state
that minimizes the Helstrom limit, now we derive the cor-
responding measurement scheme to achieve the Helstrom
limit. The construction is as follows. First, one performs
a squeezing of amplitude −r on bˆ′1 to obtain the coherent
state |er‖α‖〉 or |0〉; Next, one applies a slicing Dolinar
receiver [70] scheme on the output. The optimality of
the above scheme simply follows from the optimality of
the Dolinar receiver. However, this construction requires
feed-forward and photon number counting. A more prac-
tical scheme is to perform a homodyne detection with a
maximum-likelihood decision rule, where the error prob-
ability can be evaluated by the Gaussian error function.
For the pi1 = pi0 = 1/2 case, the formula is simple,
PE,Het{1/2,1/2} =
1
2
Erfc
[ ‖α‖√
2e−r
]
∼ exp [−e2r‖α‖2/2] .
(A5)
Comparing to Eq. A4, it is only a factor of two worse in
the error exponent in the asymptotic limit.
Now we compare the performance of the entan-
gled scheme with the optimum Gaussian separable-state
scheme. To ensure a fair comparison, we set the to-
tal mean photon number to be NS =
∑M
m=1Nm, where
Nm ≡ sinh2 (rm) is the mean photon number of the in-
put to themth displacement. Given the constraint on the
mean photon number Nm, for each mode a single-mode
squeezed state is the optimum Gaussian input state, thus
to minimize the Helstrom limit, one needs to optimize
the distribution of mean photon number to minimize the
overlap | 〈ψM0 |ψM1 〉 |2 = exp
(
−∑Mm=1 e2rmα2m) , where
ψMk , k = 0, 1 are the M -mode joint output states in each
hypothesis. Given the minimum Emin of | 〈ψM0 |ψM1 〉 |2,
the Helstrom limit of the error probability is PSpi0,pi1 =
1
2
[
1−√1− 4pi0pi1Emin
]
. In general, there is no closed
form solution. Because e2rm , as a function of Nm, is
concave, so for equal αm’s it is optimum to evenly dis-
tribute the photons. Moreover, for largeNS ’s concentrat-
ing most photon number on the mode with the largest αm
is close to the optimum.
From the above analysis, we see the entanglement-
assisted scheme is strictly better than the classical
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Figure 9. Schematic of conversion between phase shift and
displacement through a Mach-Zehnder interferometer.
scheme. the advantage is the most significant under∑M
m=1 α
2
m  max1≤m≤M α2m. Asymptotically, for a
fixed M , a large NS , and α = (α, · · · , α), the error
exponents for the classical scheme, the entanglement-
assisted scheme with homodyne measurements, and the
entanglement-assisted scheme with the optimum mea-
surements are 4NSα2, 2NSMα2, and 4NSMα2. This
shows a substantial advantage for large M ’s. We give
a numerical example in Fig. 8(b) for a moderate size
M = 10 and show that the advantage is already appre-
ciable.
Appendix B: Optimum Gaussian state for
single-mode displacement discrimination
Now we consider the single-mode channel discrimina-
tion problem of two displacement operators Uˆ (0) and
Uˆ (α). We show that the input Gaussian state that min-
imizes the Helstrom limit of the error probability is the
single-mode squeezed vacuum state.
We first consider an input mode entangled with an
ancilla mode. Due to the ancilla, it suffices to con-
sider an input-ancilla joint pure state |ψ〉. Then in
each hypothesis we have the output state |ψ0〉 = |ψ〉
and |ψ1〉 = Uˆ (α) ⊗ Iˆ |ψ〉. Given the prior probabilities
pi0, pi1 = 1−pi0, the minimum error probability in the dis-
crimination of the two outputs is given by the Helstrom
limit
P{pi0,pi1} (ψ0, ψ1) =
1
2
[
1−
√
1− 4pi0pi1| 〈ψ0|ψ1〉 |2
]
.
(B1)
Thus we aim to minimize | 〈ψ0|ψ1〉 |2 =
| 〈ψ|
(
Uˆ (α)⊗ Iˆ
)
|ψ〉 |2, subject to certain constraints on
the input state |ψ〉.
While the optimization is in general difficult, we can
optimize over Gaussian states to obtain the optimum
Gaussian input. For pure two-mode Gaussian states with
the covariance matrix V and mean µ0 = (0, 0, 0, 0) and
µ1 = (2α, 0, 0, 0), the overlap is [71, 72]
| 〈ψ0|ψ1〉 |2 = exp
[
−1
4
(µ1 − µ0)TV −1(µ1 − µ0)
]
. (B2)
The above equation indicates that minimizing the state
overlap is equivalent to minimizing the variance of the
first quadrature, as expected from intuition.
The resource in our task is the mean photon num-
ber of the first mode. Given the uncertainty principle
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δ2q · δ2p ≥ 1 and energy constraint δ2q + δ2p ≤ NS ,
we conclude that it is optimum to use a single-mode
squeezed vacuum, without requiring entanglement assis-
tance. Thus, the optimum general Gaussian state for
single-mode displacement discrimination is a single-mode
squeezed vacuum state.
The corresponding error probability can be obtained,
based on the covariance matrix V = Diag
[
e−2r, e2r, 1, 1
]
and the total mean photon number constraint NS =
sinh2 (r), as
P{pi0,pi1} =
1
2
[
1−
√
1− 4pi0pi1 exp (−e2rα2)
]
' pi0pi1 exp
(−e2rα2) . (B3)
Appendix C: Conversion between displacement
sensing and phase sensing
It suffices to illustrate the displacement-phase conver-
sion using a single-mode case in Fig. 9. Consider a phase
shift ∆φ  1. When sandwiched between two beam
splitters, with one of the input mode vˆm in a coherent
state |√Nv〉m, the phase shift leads to a mode transform
(to the first order) as
aˆ′m = (1− i∆φ/2)aˆm + ivˆm∆φ/2, (C1)
where ∆φ is embedded in a field-quadrature displacement
α = i
√
Nv ∆φ/2 of aˆ′m. To generalize, when a sensor ar-
ray measures multiple spatiotemporal phase shifts, the
output signals will be in a form of multimode displace-
ment.
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